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(54) Substrate holding apparatus 

(57) The present invention relates to a substrate 
holding apparatus for holding a substrate to be polished 
and pressing the substrate against a polishing surface. 
The substrate holding apparatus comprises a top ring 
body for holding a substrate, an elastic pad brought into 
contact with the substrate, and a support member for 
supporting the elastic pad. The substrate holding appa- 
ratus further comprises a contact member mounted on 
a lower surface of the support member and disposed in 
a space formed by the elastic pad and the support mem- 



ber. The contact member has an elastic membrane 
brought into contact with the elastic pad. A first pressure 
chamber is defined in the contact member, and a second 
pressure chamber is defined outside of the contact 
member. The substrate holding apparatus further com- 
prises a fluid source for independently supplying a fluid 
into or creating a vacuum in the first pressure chamber 
and the second pressure chamber. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

[0001] The present invention relates to a substrate 
holding apparatus for holding a substrate to be polished 
and pressing the substrate against a polishing surface, 
and more particularly to a substrate holding apparatus 
for holding a substrate such as a semiconductor wafer 
in a polishing apparatus for polishing the substrate. 

Description of the Related Art: 

[0002] In a manufacturing process of a semiconductor 
device, a thin film is formed on a semiconductor device, 
and then micromachining processes, such as patterning 
or forming holes, are performed. Thereafter, the above 
processes are repeated to form thin films on the semi- 
conductor device. Recently, semiconductor devices 
have become more integrated, and structure of semi- 
conductor elements has become more complicated. In 
addition, the number of layers in multilayer interconnec- 
tions used for a logical system has been increased. 
Therefore, irregularities on the surface of the semicon- 
ductor device are Increased, so that the step height on 
the surface of the semiconductor device becomes larg- 
er. 

[0003] When the irregularities of the surface of the 
semiconductor device are increased, the following prob- 
lems arise. The thickness of a film formed in a portion 
having a step is relatively small. An open circuit is 
caused by disconnection of interconnections, or a short 
circuit is caused by insufficient insulation between the 
layers. As a result, good products cannot be obtained, 
and the yield is reduced. Further, even if a semiconduc- 
tor device initially works normally, reliability of the sem- 
iconductor device is lowered after a long-term use. At 
the time of exposure in a lithography process, if the ir- 
radiation surface has irregularities, then a lens unit in an 
exposure system is locally unfocused. Therefore, if the 
irregularities of the surface of the semiconductor device 
are increased, then it is difficult to form a fine pattern on 
the semiconductor device. 

[0004] Thus, in the manufacturing process of a sem- 
iconductor device, it is increasingly important to 
planarize the surface of the semiconductor device. The 
most important one of the planarizing technologies is 
chemical mechanical polishing (CMP). In the chemical 
mechanical polishing using a polishing apparatus, while 
a polishing liquid containing abrasive particles such as 
silica (Si0 2 ) therein is supplied onto a polishing surface 
such as a polishing pad, a substrate such a semicon- 
ductor wafer is brought into sliding contact with the pol- 
ishing surface, so that the substrate is polished. 
[0005] This type of polishing apparatus comprises a 
polishing table having a polishing surface constituted by 



a polishing pad, and a substrate holding apparatus, 
such as a top ring or a carrier head, for holding a sem- 
iconductor wafer. When a semiconductor wafer is pol- 
ished with this type of polishing apparatus, thesemicon- 
s ductor wafer is held by the substrate holding apparatus 
and pressed against the polishing table under a prede- 
termined pressure. At this time, the polishing table and 
the substrate holding apparatus are moved relatively to 
each other to bring the semiconductor wafer into sliding 
contact with the polishing surface, so that the surface of 
the semiconductor wafer is polished to a flat mirror fin- 
ish. 

[0006] If a pressing force produced between the sem- 
iconductor wafer and the polishing surface of the polish- 
ing pad is not uniform over the entire surface of the sem- 
iconductor wafer, then the semiconductor wafer is insuf- 
ficiently or excessively polished depending on the 
pressing force applied to the semiconductor wafer. 
Therefore, it has been attempted that a holding surface 
of the substrate holding apparatus is formed by an elas- 
tic membrane of an elastic material such as rubber, and 
a fluid pressure such as air pressure is applied to the 
backside surface of the elastic membrane to uniform the 
pressing force applied to the semiconductor wafer over 
the entire surface of the semiconductor wafer. 
[0007] The polishing pad is so elastic that the pressing 
force applied to the peripheral portion of the semicon- 
ductor wafer becomes non-uniform and hence the pe- 
ripheral portion of the semiconductor wafer is exces- 
sively polished to cause edge rounding. In order to pre- 
vent such edge rounding, there has been used a sub- 
strate holding apparatus in which the semiconductor 
wafer is held at its peripheral portion by a guide ring or 
a retainer ring, and the annular portion of the polishing 
surface that corresponds to the peripheral portion of the 
semiconductor wafer is pressed by the guide ring or the 
retainer ring. 

[0008] The thickness of a thin film formed on the sur- 
face of the semiconductor wafer varies from position to 
position in the radial direction of the semiconductor wa- 
fer depending on a film deposition method or the char- 
acteristics of a film deposition apparatus. Specifically, 
the thin film has a film thickness distribution in the radial 
direction of the semiconductor wafer. When a conven- 
tional substrate holding apparatus for uniformly press- 
ing the entire surface of the semiconductor wafer is used 
for polishing the semiconductor wafer, the entire surface 
of the semiconductor wafer is polished uniformly. There- 
fore, the conventional substrate holding apparatus can- 
not realize the polishing amount distribution that is equal 
to the film thickness distribution on the surface of the 
semiconductor wafer, and hence cannot sufficiently 
cope with the film thickness distribution in the radial di- 
rection to cause insufficient or excessive polishing. 
[0009] As described above, the film thickness distri- 
bution on the surface of the semiconductor wafer varies 
depending on the type of a film deposition method or a 
film deposition apparatus. Specifically, the position and 
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number of portions having a large film thickness in the 
radial direction and the difference in thickness between 
thin film portions and thick film portions vary depending 
on the type of a film deposition method or a film depo- 
sition apparatus. Therefore, a substrate holding appa- 
ratus capable of easily coping with various film thickness 
distributions at low cost has been required rather than 
a substrate holding apparatus capable of coping with 
only a specific film thickness distribution. 

SUMMARY OF THE INVENTION 

[0010] The present invention has been made in view 
of the above drawbacks. It is therefore an object of the 
present invention to provide a substrate holding appa- 
ratus capable of polishing a substrate such as a semi- 
conductor wafer in accordance with a thickness distri- 
bution of thin film formed on the surface of the substrate, 
and obtaining uniformity of the film thickness after pol- 
ishing. 

[0011] It is another object of the present invention to 
provide a substrate holding apparatus capable of easily 
coping with not only a specific film thickness distribution 
but also various film thickness distributions at low cost. 
[0012] According to an aspect of the present inven- 
tion, there is provided a substrate holding apparatus for 
holding a substrate to be polished and pressing the sub- 
strate against a polishing surface, the substrate holding 
apparatus comprising: atop ring body for holding a sub- 
strate; an elastic pad brought into contact with the sub- 
strate; a support member for supporting the elastic pad; 
a contact member mounted on a lower surface of the 
support member and disposed in a space formed by the 
elastic pad and the support member, the contact mem- 
ber having an elastic membrane brought into contact 
with the elastic pad; a first pressure chamber defined in 
the contact member; a second pressure chamber de- 
fined outside of the contact member; and a fluid source 
for independently supplying a fluid into or creating a vac- 
uum in the first pressure chamber and the second pres- 
sure chamber. 

[0013] According to another aspect of the present in- 
vention, there is provided a substrate holding apparatus 
for holding a substrate to be polished and pressing the 
substrate against a polishing surface, the substrate 
holding apparatus comprising: a top ring body for hold- 
ing a substrate; a seal ring brought into contact with an 
upper surface of a peripheral portion of the substrate; a 
support member for supporting the seal ring; a contact 
member mounted on a lower surface of the support 
member and disposed in a space formed by the sub- 
strate and the seal ring and the support member, the 
contact member having an elastic membrane brought 
into contact with the substrate; a first pressure chamber 
defined in the contact member; a second pressure 
chamber defined outside of the contact member; and a 
fluid source for independently supplying a fluid into or 
creating a vacuum in first pressure chamber and the 



second pressure chamber. 

[001 4] According to still another aspect of the present 
invention, there is provided a substrate holding appara- 
tus for holding a substrate to be polished and pressing 
5 the substrate against a polishing surface, the substrate 
holding apparatus comprising: a top ring body for hold- 
ing a substrate; a support member having a contact 
member mounted on a lower surface thereof, the con- 
tact member being disposed in a space formed by the 
substrate and the support member and having an elastic 
membrane brought into contact with the substrate; a first 
pressure chamber defined in the contact member; a 
second pressure chamber defined outside of the contact 
member; and a fluid source for independently supplying 
a fluid into or creating a vacuum in the first pressure 
chamber and the second pressure chamber. 
[001 5] According to another aspect of the present in- 
vention, there is provided a substrate holding apparatus 
for holding a substrate to be polished and pressing the 
substrate against a polishing surface, the substrate 
holding apparatus comprising: a top ring body for hold- 
ing a substrate; an elastic pad brought into contact with 
the substrate; a support member for supporting the elas- 
tic pad; and a plurality of contact members mounted on 
a lower surface of the support member, the plurality of 
contact members each having an elastic membrane 
brought into contact with the elastic pad and being in- 
dependently pressed against the elastic pad. 
[0016] According to the present invention, pressures 
in a first pressure chamber and a second pressure 
chamber can be independently controlled. Therefore, a 
pressing force applied to a thicker area of a thin film on 
a substrate can be made higher than a pressing force 
applied to a thinner area of the thin film, thereby selec- 
tively increasing the polishing rate of the thicker area of 
the thin film. Consequently, an entire surface of a sub- 
strate can be polished exactly to a desired level irre- 
spective of the film thickness distribution obtained at the 
time the thin film is formed. The pressing force is a pres- 
sure per unit area for pressing the substrate against a 
polishing surface. 

[001 7] In a preferred aspect of the present invention, 
the fluid source supplies a fluid controlled in temperature 
into the first pressure chamber and the second pressure 
chamber, respectively. Preferably, the plurality of con- 
tact members are spaced at predetermined intervals. 
[0018] According to another aspect of the present in- 
vention, a communicating portion for allowing the fluid 
supplied to the first pressure chamber to contact a con- 
tact surface of the substrate is formed in the lower sur- 
face of the elastic membrane of the contact membere. 
When the pressurized fluids supplied to the pressure 
chambers are controlled in temperature and the temper- 
ature of the substrate is controlled from the backside of 
the surface to be polished, the above arrangement can 
increase the area in which a pressurized fluid controlled 
in temperature is brought into contact with the substrate. 
Therefore, controllability in temperature of the substrate 
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can be improved. Further, when the polishing of the sub- 
strate is finished and the substrate is released, the pres- 
sure chambers are respectively opened to the outside 
air via the communicating portion. Thus, fluids supplied 
into the pressure chambers are prevented from remain- 
ing in the pressure chambers. Therefore, even when 
substrates are continuously polished, controllability in 
temperature of the substrate can be maintained. 
[001 9] In a substrate holding apparatus comprising a 
seal ring, the lowersurface of the support member is not 
covered after the substrate is released. Therefore, a 
large part of the lower surface of the support member is 
exposed after the substrate is released, so that the sub- 
strate holding apparatus can easily be cleaned after the 
polishing process. In either a substrate holding appara- 
tus comprising an elastic pad or a substrate holding ap- 
paratus comprising a seal ring, the support member 
should preferably be made of an insulating material 
such as resin or ceramics. The seal ring should prefer- 
ably extend radially inwardly from an innermost position 
of a recess, such as a notch or orientation flat, for rec- 
ognizing or identifying the orientation of a substrate. 
[0020] In a preferred aspect of the present invention, 
the contact member comprises a holding member for 
detachabiy holding the elastic membrane. With this ar- 
rangement, the elastic membrane of the contact mem- 
ber can easily be replaced with another one, and hence 
the position and size of the first pressure chamber and 
the second pressure chamber can be changed simply 
by change of the elastic membrane of the contact mem- 
ber. Therefore, a substrate holding apparatus according 
to the present invention can easily cope with various 
thickness distributions of a thin film formed on the sub- 
strate to be polished at a low cost. 
[0021] In another preferred aspect of the present in- 
vention, the holding member of the contact member is 
detachabiy mounted on the support member. With this 
arrangement, the contact member can easily be re- 
placed with another one, and hence the position and 
size of the first pressure chamber and the second pres- 
sure chamber can be changed simply by change of the 
contact member. Therefore, a substrate holding appa- 
ratus according to the present invention can easily cope 
with various thickness distributions of a thin film formed 
on the substrate to be polished at a low cost. 
[0022] In still another preferred aspect of the present 
invention, a protrusion radially protruding from a circum- 
ferential edge of the elastic membrane of the contact 
member is provided on the lower surface of the elastic 
membrane. The protrusion is brought into close contact 
with an elastic pad or a substrate by a pressurized fluid 
supplied to the second pressure chamber to prevent the 
pressurized fluid from flowing into the lower portion of 
the contact member. Hence, the range of pressure con- 
trol can be widened to press the substrate against the 
polishing surface more stably. 
[0023] In another preferred aspect of the present in- 
vention, the contact member includes a central contact 



member disposed at a position corresponding to a cen- 
tral portion of the substrate, and an outer contact mem- 
ber disposed outside of the central contact member. 
[0024] In still another preferred aspect of the present 

5 invention , the outer contact member is mounted at a po- 
sition corresponding to an outer peripheral portion of the 
substrate. With this arrangement, the pressing force ap- 
plied to the peripheral portion of the substrate is appro- 
priately controlled to suppress effects due to elastic de- 

10 formation of a polishing surface or entry of a polishing 
liquid into a space between the polishing surface and 
the substrate, for thereby uniformly polishing the periph- 
eral portion of the substrate. 

[0025] In another preferred aspect of the present in- 
'5 vention, the substrate holding apparatus further com- 
prises a retainer ring fixed to or integrally formed with 
the top ring body for holding a peripheral portion of the 
substrate. 

[0026] In still another preferred aspect of the present 
invention, the top ring body comprises a cleaning liquid 
passage defined therein for supplying a cleaning liquid 
into a gap defined between an outer circumferential sur- 
face of the elastic pad and the retainer ring. When a 
cleaning liquid (pure water) is supplied from the cleaning 
liquid passage into the gap defined between an outer 
circumferential surface of the elastic pad and the retain- 
er ring, a polishing liquid in the gap is washed away to 
remove deposits of the polishing liquid in the gap. There- 
fore, the support member, the elastic pad, or the sub- 
strate can smoothly be moved in a vertical direction with 
respect to the top ring body and the retainer ring. 
[0027] In another preferred aspect of the present in- 
vention, the retainer ring is fixed to the top ring body 
without interposing an elastic member between the re- 
tainer ring and the top ring body. If an elastic member 
such as rubber is clamped between the retainer ring and 
the top ring body, then a desired horizontal surface can- 
not be maintained on the lower surface of the retainer 
ring because of elastic deformation of this elastic mem- 
ber. However, the above arrangement can maintain the 
desired horizontal surface on the lower surface of the 
retainer ring. 

[0028] In still another preferred aspect of the present 
invention, the elastic membrane of the contact member 
has a partially differentthickness or partially includes an 
inelastic member. With this arrangement, deformation 
of the elastic membrane due to the pressure in the first 
and second pressure chambers can be optimized. 
[0029] According to another aspect of the present in- 
vention, there is provided a polishing apparatus com- 
prising the above substrate holding apparatus and a pol- 
ishing table having a polishing surface. 
[0030] According to still another aspect of the present 
invention, there is provided a substrate holding appara- 
tus for holding a substrate to be polished and pressing 
the substrate against a polishing surface, comprising: a 
top ring body for holding a substrate; a plurality of an- 
nular members formed of an elastic material held into 
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contact with the substrate; a plurality of sections defined 
by the plurality of annular members, the plurality of sec- 
tions being opened downwardly; and a fluid passage for 
supplying a fluid into the plurality of sections. 
[0031] According to another aspect of the present in- 
vention, there is provided a polishing method for polish- 
ing a substrate, comprising: pressing a substrate 
against a polishing surface provided on a polishing ta- 
ble; and polishing a substrate in such a state that a 
pressing force applied to a thicker area of a thin film on 
the substrate is made higher than a pressing force ap- 
plied to a thinner area of the thin film. 
[0032] According to still another aspect of the present 
invention, there is provided a polishing method for pol- 
ishing a substrate, comprising: pressing a substrate 
against a polishing surface provided on a polishing ta- 
ble; defining a plurality of sections opened downwardly 
by a plurality of annular members formed of an elastic 
material held into contact with a substrate; and supply- 
ing a fluid into or creating a vacuum in the plurality of 
sections. 

[0033] The above and other objects, features, and ad- 
vantages of the present invention will be apparent from 
the following description when taken in conjunction with 
the accompanying drawings which illustrates preferred 
embodiments of the present invention by way of exam- 
ple. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0034] 

FIG. 1 is a cross-sectional view showing a whole 
structure of a polishing apparatus according to a 
first embodiment of the present invention; 
FIG. 2 is a vertical cross -sectional view showing a 
substrate holding apparatus according to the first 
embodiment of the present invention; 
FIG. 3 is a bottom view of the substrate holding ap- 
paratus shown in FIG. 2; 

FIGS. 4A through 4E are vertical cross-sectional 
views showing other examples of contact members 
(central bag and ring tube) in a substrate holding 
apparatus according to the present invention; 
FIG. 5 is a vertical cross-sectional view showing an- 
other example of contact members (central bag and 
ring tube) in a substrate holding apparatus accord- 
ing to the present invention; 
FIGS. 6A and 6B are vertical cross-sectional views 
showing other examples of contact members (cen- 
tral bag and ring tube) in a substrate holding appa- 
ratus according to the present invention; 
FIG. 7 is a vertical cross-sectional view showing a 
substrate holding apparatus according to a second 
embodiment of the present invention; 
FIG. 8 is a vertical cross-sectional view showing an- 
other example of contact members (central bag and 
ring tube) in a substrate holding apparatus accord- 



8 

ing to the present invention; 
FIG. 9 is a bottom view of the substrate holding ap- 
paratus shown in FIG. 8 in such a state that a sem- 
iconductor wafer is removed; 
5 FIG. 10 is a bottom view showing another example 
of contact members (central bag and ring tube) in a 
substrate holding apparatus according to the 
present invention; 

FIG. 11 is a vertical cross-sectional view showing 
10 another example of contact members (central bag 
and ring tube) in a substrate holding apparatus ac- 
cording to the present invention; 
FIG. 12 is a vertical cross-sectional view showing a 
substrate holding apparatus according to a third 
15 embodiment of the present invention; 

FIG. 13 is a bottom view of the substrate holding 
apparatus shown in FIG. 12; and 
FIG. 14 is a vertical cross-sectional view showing a 
substrate holding apparatus according to another 
20 embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

25 [0035] A polishing apparatus according to a first em- 
bodiment of the present invention will be described be- 
low with reference to FIGS. 1 through 6. 
[0036] FIG. 1 is a cross-sectional view showing a 
whole structure of a polishing apparatus having a sub- 
30 strate holding apparatus according to the first embodi- 
ment of the present invention . The substrate holding ap- 
paratus serves to hold a substrate such as a semicon- 
ductor wafer to be polished and to press the substrate 
against a polishing surface of a polishing table. As 
35 shown in FIG. 1, a polishing table 100 is disposed un- 
derneath a top ring 1 constituting the substrate holding 
apparatus according to the present invention and has a 
polishing pad 101 attached to an upper surface thereof. 
A polishing liquid supply nozzle 102 is disposed above 
40 the polishing table 1 00 and supplies a polishing liquid Q 
onto the polishing pad 1 01 on the polishing table 100. 
[0037] Various kinds of polishing pads are sold on the 
market. For example, some of these are SUBA800, IC- 
1000, and IC-1000/SUBA400 (two-layer cloth) manu- 
45 factured by Rodel Inc., and Surfin xxx-5 and Surfin 000 
manufactured by Fujimi Inc. SUBA800, Surfin xxx-5, 
and Surfin 000 are non-woven fabrics bonded by ure- 
thane resin, and IC-1 000 is rigid foam polyurethane (sin- 
gle-layer). Foam polyurethane is porous and has a large 
50 number of fine recesses or holes formed in its surface. 
[0038] The top ring 1 is connected to a top ring drive 
shaft 1 1 by a universal joint 1 0. The top ring drive shaft 

II is coupled to a top ring air cylinder 111 fixed to a top 
ring head 1 1 0. The top ring air cylinder 1 1 1 operates to 

55 vertically move the top ring drive shaft 1 1 to thus lift and 
lower the top ring 1 as a whole. The top ring air cylinder 

III also operates to press a retainer ring 3 fixed to the 
lower end of a top ring body 2 against the polishing table 
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1 00. The top ring air cylinder 1 1 1 is connected to a com- 
pressed air source (fluid source) 120 via a regulator R1 , 
which regulates the pressure of air supplied to the top 
ring air cylinder 111 for thereby adjusting a pressing 
force with which the retainer ring 3 presses the polishing 
pad 101. 

[0039] The top ring drive shaft 11 is connected to a 
rotary sleeve 112 by a key (not shown). The rotary 
sleeve 112 has a timing pulley 113 fixedly disposed 
therearound. A top ring motor 114 having a drive shaft 
is fixed to the upper surface of the top ring head 110. 
The timing pulley 1 1 3 is operatively coupled to a timing 
pulley 1 1 6 mounted on the drive shaft of the top ring mo- 
tor 11 4 by a timing belt 115. When the top ring motor 114 
is energized, the timing pulley 116, the timing belt 116, 
and the timing pulley 1 13 are rotated to rotate the rotary 
sleeve 1 1 2 and the top ring drive shaft 1 1 in unison with 
each other, thus rotating the top ring 1 . The top ring head 
110 is supported on a top ring head shaft 117 fixedly 
supported on a frame (not shown). 
[0040] The top ring 1 of the substrate holding appara- 
tus according to the first embodiment of the present in- 
vention will be described below. FIG. 2 is a vertical 
cross-sectional view showing the top ring 1 according 
to the first embodiment, and FIG. 3 is a bottom view of 
the top ring 1 shown in FIG. 2. 

[0041] As shown in FIG. 2, the top ring 1 comprises 
the top ring body 2 in the form of a cylindrical housing 
with a storage space defined therein, and the retainer 
ring 3 fixed to the lower end of the top ring body 2. The 
top ring body 2 is made of a material having high 
strength and rigidity, such as metal or ceramics. The re- 
tainer ring 3 is made of highly rigid synthetic resin, ce- 
ramics, or the like. 

[0042] The top ring body 2 comprises a cylindrical 
housing 2a, an annular pressurizing sheet support 2b 
fitted in the cylindrical housing 2a, and an annular seal 
2c fitted over an outer circumferential edge of an upper 
surface of the cylindrical housing 2a. The retainer ring 
3 is fixed to the lower end of the cylindrical housing 2a 
and has a lower portion projecting radially inwardly. The 
retainer ring 3 may be integrally formed with the top ring 
body 2. 

[0043] The top ring drive shaft 11 is disposed above 
the center of the cylindrical housing 2a. The top ring 
body 2 is coupled to the top ring drive shaft 11 by the 
universal joint 10. The universal joint 10 has a spherical 
bearing mechanism by which the top ring body 2 and 
the top ring drive shaft 1 1 are tiltable with respect to each 
other, and a rotation transmitting mechanism for trans- 
mitting the rotation of the top ring drive shaft 11 to the 
top ring body 2. The rotation transmitting mechanism 
and the spherical bearing mechanism transmit pressing 
and rotating forces from the top ring drive shaft 1 1 to the 
top ring body 2 while allowing the top ring body 2 and 
the top ring drive shaft 1 1 to be tilted with respect to each 
other. 

[0044] The spherical bearing mechanism comprises 



a spherical recess 11 a defined centrally in the lower sur- 
face of the top ring drive shaft 1 1 , a spherical recess 2d 
defined centrally in the upper surface of the housing 2a, 
and a bearing ball 12 made of a highly hard material 
5 such as ceramics and interposed between the spherical 
recesses 11a and 2d. The rotation transmitting mecha- 
nism comprises a drive pin (not shown) fixed to the top 
ring drive shaft 11 , and a driven pin (not shown) fixed to 
the housing 2a. The drive pin is held in driving engage- 
10 ment with the driven pin while the drive pin and the driv- 
en pin are being vertically movable relatively to each 
other. The rotation of the top ring drive shaft 11 is trans- 
mitted to the top ring body 2 through the drive and driven 
pins. Even when the top ring body 2 is tilted with respect 
15 to the top ring drive shaft 11 , the drive and driven pins 
remain in engagement with each other at a moving point 
of contact, so that the torque of the top ring drive shaft 
11 can reliably be transmitted to the top ring body 2. 
[0045] The top ring body 2 and the retainer ring 3 se- 
cured to the top ring body 2 jointly have a space defined 
therein, which accommodates therein an elastic pad 4 
having a lower end surface brought into contact with the 
upper surface of the semiconductor wafer W held by the 
top ring 1, an annular holder ring 5, and a disk-shaped 
chucking plate (support member) 6 for supporting the 
elastic pad 4. The elastic pad 4 has a radially outer edge 
clamped between the holder ring 5 and the chucking 
plate 6 secured to the lower end of the holder ring 5 and 
extends radially inwardly so as to cover the lower sur- 
face of the chucking plate 6, thus forming a space be- 
tween the elastic pad 4 and the chucking plate 6. 
[0046] The chucking plate 6 may be made of metal. 
However, when the thickness of a thin film formed on a 
surface of a semiconductor wafer is measured by a 
method using eddy current in such a state that the sem- 
iconductor wafer to be polished is held by the top ring, 
the chucking plate 6 should preferably be made of a non- 
magnetic material, e.g., an insulating material such as 
fluororesin or ceramics. 

[0047] A pressurizing sheet 7, which comprises an 
elastic membrane, extends between the holder ring 5 
and the top ring body 2. The pressurizing sheet 7 is 
made of a highly strong and durable rubber material 
such as ethylene propylene rubber (ethylene-propylene 
terpolymer (EPDM)), polyurethane rubber, silicone rub- 
ber, or the like. The pressurizing sheet 7 has a radially 
outer edge clamped between the housing 2a and the 
pressurizing sheet support 2b, and a radially inner edge 
clamped between an upper portion 5a and a stopper 5b 
of the holder ring 5. The top ring body 2, the chucking 
plate 6, the holder ring 5, and the pressurizing sheet 7 
jointly define a pressure chamber 21 in the top ring body 
2. As shown in FIG. 2, a fluid passage 31 comprising 
tubes and connectors communicates with the pressure 
chamber 21 , which is connected to the compressed air 
source 1 20 via a regulator R2 connected to the fluid pas- 
sage 31. 

[0048] In the case of a pressurizing sheet 7 made of 
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an elastic material such as rubber, if the pressurizing 
sheet 7 is clamped between the retainer ring 3 and the 
top ring body 2, then the pressurizing sheet 7 is elasti- 
cally deformed as an elastic material, and a desired hor- 
izontal surface cannot be maintained on the lower sur- 
face of the retainer ring 3. In order to maintain the de- 
sired horizontal surface on the lower surface of the re- 
tainer ring 3, the pressurizing sheet 7 is clamped be- 
tween the housing 2a of the top ring body 2 and the pres- 
surizing sheet support 2b provided as a separate mem- 
ber in the present embodiment. The retainer ring 3 may 
vertically be movable with respect to the top ring body 
2, or the retainer ring 3 may have a structure capable of 
pressing the polishing surface independently of the top 
ring 2, as disclosed in Japanese laid-open Patent Pub- 
lication No. 9-1 68964 and Japanese Patent Application 
No. 11-294503 (corresponding to European Patent Ap- 
plication No. 00118180.9). In such cases, the pressuriz- 
ing sheet 7 is not necessarily fixed in the aforemen- 
tioned manner. 

[0049] A cleaning liquid passage 51 in the form of an 
annular groove is defined in the upper surface of the 
housing 2a near its outer circumferential edge over 
which the seal 2c is fitted. The cleaning liquid passage 
51 communicates with a fluid passage 32 via a through 
hole 52 formed in the seal 2c, and is supplied with a 
cleaning liquid (pure water) via the fluid passage 32. A 
plurality of communication holes 53 are defined in the 
housing 2a and the pressurizing sheet support 2b in 
communication with the cleaning liquid passage 51 . The 
communication holes 53 communicate with a small gap 
G defined between the outer circumferential surface of 
the elastic pad 4 and the inner circumferential surface 
of the retainer ring 3. The fluid passage 32 is connected 
to a cleaning liquid source (not shown) through a rotary 
joint (not shown). 

[0050] The space defined between the elastic pad 4 
and the chucking plate 6 accommodates therein a cen- 
tral bag 8 as a central contact member brought into con- 
tact with the elastic pad 4, and a ring tube 9 as an outer 
contact member brought into contact with the elastic pad 
4. These contact members may be brought into abut- 
ment against the elastic pad 4. In the present embodi- 
ment, as shown in FIGS. 2 and 3, the central bag 8 hav- 
ing a circular contact surface is disposed centrally on 
the lower surface of the chucking plate 6, and the ring 
tube 9 having an annular contact surface is disposed 
radially outwardly of the central bag 8 in surrounding re- 
lation thereto. Specifically, the central bag 8 and the ring 
tube 9 are spaced at predetermined intervals. Each of 
the elastic pad 4 and the central bag 8 and the ring tube 
9 is made of a highly strong and durable rubber material 
such as ethylene propylene rubber (ethylene-propylene 
terpolymer (EPDM)), polyurethane rubber, silicone rub- 
ber, or the like. 

[0051 ] The space defined between the chucking plate 
6 and the elastic pad 4 is divided into a plurality of spac- 
es (second pressure chambers) by the central bag 8 and 



the ring tube 9. Specifically, a pressure chamber 22 is 
defined between the central bag 8 and the ring tube 9, 
and a pressure chamber 23 is defined radially outwardly 
of the ring tube 9. 

s [0052] The central bag 8 comprises an elastic mem- 
brane 81 brought into contact with the upper surface of 
the elastic pad 4, and a central bag holder (holding 
member) 82 for detachably holding the elastic mem- 
brane 81 in position. The central bag holder 82 has 

io threaded holes 82a defined therein, and is detachably 
fastened to the center of the lower surface of the chuck- 
ing plate 6 by screws 55 threaded into the threaded 
holes 82a. The central bag 8 has a central pressure 
chamber 24 (first pressure chamber) defined therein by 

'5 the elastic membrane 81 and the central bag holder 82. 
[0053] Similarly, the ring tube 9 comprises an elastic 
membrane 91 brought into contact with the upper sur- 
face of the elastic pad 4, and a ring tube holder (holding 
member) 92 for detachably holding the elastic mern- 

20 brane91 in position. The ring tube holder 92 has thread- 
ed holes 92a defined therein, and is detachably fas- 
tened to the lower surface of the chucking plate 6 by 
screws 56 threaded into the threaded holes 92a. The 
ring tube 9 has an intermediate pressure chamber 25 

25 (first pressure chamber) defined therein by the elastic 
membrane 91 and the ring tube holder 92. 
[0054] Fluid passages 33, 34, 35 and 36 comprising 
tubes and connectors communicate with the pressure 
chambers 22, 23, the central pressure chamber 24, and 

30 the intermediate pressure chamber 25, respectively. 
The pressure chambers 22, 23, 24 and 25 are connect- 
ed to the compressed air source 1 20 via respective reg- 
ulators R3, R4, R5 and R6 connected respectively to the 
fluid passages 33, 34, 35 and 36. The fluid passages 

35 31 , 33, 34, 35 and 36 are connected to the respective 
regulators R2, R3, R4, R5 and R6 through a rotary joint 
(not shown) mounted on the upper end of the top ring 
drive shaft 11. 

[0055] The pressure chamber 21 above the chucking 

40 plate 6 and the pressure chambers 22 to 25 are supplied 
with a pressurized fluid such as pressurized air or at- 
mospheric air or evacuated, via the fluid passages 31 , 
33, 34, 35 and 36. As shown in FIG. 1, the regulators 
R2 to R6 connected to the fluid passages 31 , 33, 34, 35 

45 and 36 of the pressure chambers 21 to 25 can respec- 
tively regulate the pressures of the pressurized fluids 
supplied to the pressure chambers 21 to 25, for thereby 
independently controlling the pressures in the pressure 
chambers 21 to 25 or independently introducing atmos- 

50 pheric air or vacuum into the pressure chambers 21 to 
25. Thus, the pressures in the pressure chambers 21 to 
25 are independently varied with the regulators R2 to 
R6, so that the pressing forces, which are pressures per 
unit area for pressing the semiconductor wafer W 

55 against the polishing pad 101 , can be adjusted in local 
areas of the semiconductor wafer W via the elastic pad 
4. In some applications, the pressure chambers 21 to 
25 may be connected to a vacuum source 1 21 . 
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[0056] In this case, the pressurized fluid orthe atmos- 
pheric air supplied to the pressure chambers 22 to 25 
may independently be controlled in temperature, for 
thereby directly controlling the temperature of the sem- 
iconductor wafer from the backside of the surface to be 
polished. Particularly, when each of the pressure cham- 
bers Is independently controlled in temperature, the rate 
of chemical reaction can be controlled in the chemical 
polishing process of CMP. 

[0057] As shown in FIG. 3, a plurality of openings 41 
are formed in the elastic pad 4. The chucking plate 6 
has radially inner suction portions 61 and radially outer 
suction portions 62 extended downwardly therefrom. 
The openings 41 positioned between the central bag 8 
and the ring tube 9 allow the inner suction portions 61 
to be exposed externally, and the openings 41 posi- 
tioned outside of the ring tube 9 allow the outer suction 
portions 62 to be exposed externally. In the present em- 
bodiment, the elastic pad 4 has eight openings 41 for 
allowing the eight suction portions 61 , 62 to be exposed. 
[0058] Each of the inner suction portions 61 has a hole 
61a communicating with a fluid passage 37, and each 
of the outer suction portions 62 has a hole 62a commu- 
nicating with a fluid passage 38. Thus, the inner suction 
portion 61 and the outer suction portion 62 are connect- 
ed to the vacuum source 121 such as a vacuum pump 
via the respective fluid passages 37, 38 and valves V1 , 
V2. When the suction portions 61 , 62 are evacuated by 
the vacuum source 121 to develop a negative pressure 
at the lower opening ends of the communicating holes 
61a, 62a thereof, a semiconductor wafer W is attracted 
to the lower ends of the suction portions 61 , 62 by the 
negative pressure. The suction portions 61 , 62 have 
elastic sheets 61b, 62b, such as thin rubber sheets, at- 
tached to their lower ends, for thereby elastically con- 
tacting and holding the semiconductor wafer W on the 
lower surfaces thereof. 

[0059] As shown in FIG. 2, when the semiconductor 
wafer W is polished, the lower ends of the suction por- 
tions 61 , 62 are positioned above the lower surface of 
the elastic pad 4, without projecting downwardly from 
the lower surface of the elastic pad 4. When the semi- 
conductor wafer W is attracted to the suction portions 
61 , 62, the lower ends of the suction portions 61 , 62 are 
positioned at the same level as the lower surface of the 
elastic pad 4. 

[0060] Since there is the small gap G between the out- 
er circumferential surface of the elastic pad 4 and the 
inner circumferential surface of the retainer ring 3, the 
holder ring 5, the chucking plate 6, and the elastic pad 
4 attached to the chucking plate 6 can vertically be 
moved with respect to the top ring body 2 and the re- 
tainer ring 3, and hence are of a floating structure with 
respect to the top ring body 2 and the retainer ring 3. A 
plurality of teeth 5c project radially outwardly from the 
outer circumferential edge of the stopper 5b of the hold- 
er ring 5. When the teeth 5c engage the upper surface 
of the radially inwardly projecting portion of the retainer 



ring 3 upon downward movement of the holder ring 5, 
the holder ring 5 is limited against any further downward 
movement. 

[0061] Operation of the top ring 1 thus constructed will 
s be described below. 

[0062] When the semiconductor wafer W is to be de- 
livered to the polishing apparatus, the top ring 1 is 
moved to a position to which the semiconductor wafer 
W is transferred, and the communicating holes 61a, 62a 
10 of the suction portions 61 , 62 are evacuated via the fluid 
passages 37, 38 by the vacuum source 121 . The sem- 
iconductor wafer W is attracted to the lower ends of the 
suction portions 61 , 62 by suction effect of the commu- 
nicating holes 61a, 62a. With the semiconductor wafer 
15 w attracted to the top ring 1 , the top ring 1 is moved to 
a position above the polishing table 1 00 having the pol- 
ishing surface (polishing pad 1 01 ) thereon. The retainer 
ring 3 holds the outer circumferential edge of the semi- 
conductor wafer W so that the semiconductor wafer W 
is not removed from the top ring 1 . 
[0063] For polishing the lower surface of the semicon- 
ductor wafer W, the semiconductor wafer W is thus held 
on the lower surface of the top ring 1 , and the top ring 
air cylinder 111 connected to the top ring drive shaft 11 
is actuated to press the retainer ring 3 fixed to the lower 
end of the top ring 1 against the polishing surface on the 
polishing table 100 under a predetermined pressure. 
Then, the pressurized fluids are respectively supplied to 
the pressure chambers 22, 23, the central pressure 
chamber 24, and the intermediate pressure chamber 25 
under respective pressures, thereby pressing the sem- 
iconductor wafer W against the polishing surface on the 
polishing table 100. The polishing liquid supply nozzle 
1 02 then supplies the polishing liquid Q onto the polish- 
ing pad 101. Thus, the semiconductor wafer W is pol- 
ished by the polishing pad 101 with the polishing liquid 
Q being present between the lower surface, to be pol- 
ished, of the semiconductor wafer W and the polishing 
pad 101. 

[0064] The local areas of the semiconductor wafer W 
that are positioned beneath the pressure chambers 22, 
23 are pressed against the polishing pad 1 01 under the 
pressures of the pressurized fluids supplied to the pres- 
sure chambers 22, 23. The local area of the semicon- 
ductor wafer W that is positioned beneath the central 
pressure chamber 24 is pressed via the elastic mem- 
brane 81 of the central bag 8 and the elastic pad 4 
against the polishing pad 1 01 under the pressure of the 
pressurized fluid supplied to the central pressure cham- 
ber 24. The local area of the semiconductor wafer W 
that is positioned beneath the intermediate pressure 
chamber 25 is pressed via the elastic membrane 91 of 
the ring tube 9 and the elastic pad 4 against the polishing 
pad 1 01 under the pressure of the pressurized fluid sup- 
plied to the intermediate pressure chamber 25. 
[0065] Therefore, the polishing pressures acting on 
the respective local areas of the semiconductor wafer 
W can be adjusted independently by controlling the 
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pressures of the pressurized fluids supplied to each of 
the pressure chambers 22 to 25. Specifically, each of 
the regulators R3 to R6 independently regulates the 
pressure of the pressurized fluid supplied to the pres- 
sure chambers 22 to 25 for thereby adjusting the press- 
ing forces applied to press the local areas of the semi- 
conductor wafer W against the polishing pad 101 on the 
polishing table 1 00. With the polishing pressures on the 
respective local areas of the semiconductor wafer W be- 
ing adjusted independently, the semiconductor wafer W 
is pressed against the polishing pad 1 01 on the polishing 
table 1 00 that is being rotated. Similarly, the pressure of 
the pressurized fluid supplied to the top ring air cylinder 
111 can be regulated by the regulator R1 to adjust the 
force with which the retainer ring 3 presses the polishing 
pad 1 01 . While the semiconductor wafer W is being pol- 
ished, the force with which the retainer ring 3 presses 
the polishing pad 1 01 and the pressing force with which 
the semiconductor wafer W is pressed against the pol- 
ishing pad 101 can appropriately be adjusted for thereby 
applying polishing pressures in a desired pressure dis- 
tribution to a central area C1 , an inner area C2, an in- 
termediate area C3, and a peripheral area C4 of the 
semiconductor wafer W (see FIG. 3). 
[0066] The local areas of the semiconductor wafer W 
that are positioned beneath the pressure chambers 22, 
23 are divided into areas to which a pressing force from 
a fluid is applied via the elastic pad 4, and areas to which 
the pressure of a pressurized fluid is directly applied, 
such as areas positioned beneath the openings 41. 
However, the pressing forces applied to these two areas 
are equal to each other. When the semiconductor wafer 
W is polished, the elastic pad 4 is brought into close con- 
tact with the upper surface of the semiconductor wafer 
W near the openings 41 , so that the pressurized fluids 
supplied to the pressure chambers 22, 23 are prevented 
from flowing out to the exterior. 
[0067] In this manner, the semiconductor wafer W is 
divided into the concentric circular and annular areas 
C1 to C4, which can be pressed under independent 
pressing forces. The polishing rates of the circular and 
annular areas C1 to C4, which depend on the pressing 
forces applied to those areas, can independently be 
controlled because the pressing forces applied to those 
areas can independently be controlled. Consequently, 
even if the thickness of a thin film to be polished on the 
surface of the semiconductor wafer W suffers radial var- 
iations, the thin film on the surface of the semiconductor 
wafer W can be polished uniformly without being insuf- 
ficiently or excessively polished. More specifically, even 
if the thickness of the thin film to be polished on the sur- 
face of the semiconductor wafer W differs depending on 
the radial position on the semiconductor wafer W, the 
pressure in a pressure chamber positioned over a thick- 
er area of the thin film is made higher than the pressure 
in a pressure chamber positioned over a thinner area of 
the thin film, or the pressure in a pressure chamber po- 
sitioned over a thinner area of the thin film is made lower 



than the pressure in a pressure chamber positioned 
over a thicker area of the thin film. In this manner, the 
pressing force applied to the thicker area of the thin film 
is made higher than the pressing force applied to the 
s thinner area of the thin film, thereby selectively increas- 
ing the polishing rate of the thicker area of the thin film. 
Consequently, the entire surface of the semiconductor 
wafer W can be polished exactly to a desired level irre- 
spective of the film thickness distribution obtained at the 
time the thin film is formed. 

[0068] Any unwanted edge rounding on the circum- 
ferential edge of the semiconductor wafer W can be pre- 
vented by controlling the pressing force applied to the 
retainer ring 3. If the thin film to be polished on the cir- 
cumferential edge of the semiconductor wafer W has 
large thickness variations, then the pressing force ap- 
plied to the retainer ring 3 is intentionally increased or 
reduced to thus control the polishing rate of the circum- 
ferential edge of the semiconductor wafer W. When the 
pressurized fluids are supplied to the pressure cham- 
bers 22 to 25, the chucking plate 6 is subjected to up- 
ward forces. In the present embodiment, the pressu- 
rized fluid is supplied to the pressure chamber 21 via 
the fluid passage 31 to prevent the chucking plate 6 from 
being lifted under the forces from the pressure cham- 
bers 22 to 25. 

[0069] As described above, the pressing force applied 
by the top ring air cylinder 1 11 to press the retainer ring 
3 against the polishing pad 1 01 and the pressing forces 
applied by the pressurized fluids supplied to the pres- 
sure chambers 22 to 25 to press the local areas of the 
semiconductor wafer W against the polishing pad 101 
are appropriately adjusted to polish the semiconductor 
wafer W. When the polishing of the semiconductor wafer 
W is finished, the semiconductor wafer W is attracted to 
the lower ends of the suction portions 61 , 62 under vac- 
uum in the same manner as described above. At this 
time, the supply of the pressurized fluids into the pres- 
sure chambers 22 to 25 is stopped, and the pressure 
chambers 22 to 25 are vented to the atmosphere. Ac- 
cordingly, the lower ends of the suction portions 61 , 62 
are brought into contact with the semiconductor wafer 
W. The pressure chamber 21 is vented to the atmos- 
phere or evacuated to develop a negative pressure 
therein. If the pressure chamber 21 is maintained at a 
high pressure, then the semiconductor wafer W is 
strongly pressed against the polishing surface only in 
areas brought into contact with the suction portions 61 , 
62. Therefore, it is necessary to decrease the pressure 
in the pressure chamber 21 immediately. Accordingly, a 
relief port 39 penetrating through the top ring body 2 may 
be provided for decreasing the pressure in the pressure 
chamber 21 immediately, as shown in FIG. 2. In this 
case, when the pressure chamber 21 is pressurized, it 
is necessary to continuously supply the pressurized fluid 
into the pressure chamber 21 via the fluid passage 31 . 
The relief port 39 comprises a check valve (not shown) 
for preventing an outside air from flowing into the pres- 
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sure chamber 21 at the time when a negative pressure 
is developed in the pressure chamber 21 . 
[0070] After the semiconductor wafer W is attracted 
to the lower ends of the suction portions 61 , 62, the en- 
tire top ring 1 is moved to a position to which the semi- 
conductor wafer W is to be transferred. Then, a fiuid 
such as compressed air or a mixture of nitrogen and 
pure water is ejected to the semiconductor wafer W via 
the communicating holes 61a, 62a of the suction por- 
tions61, 62 to release the semiconductor wafer W from 
the top ring 1 . 

[0071] The polishing liquid Q used to polish the sem- 
iconductor wafer W tends to flow through the gap G be- 
tween the outer circumferential surface of the elastic 
pad 4 and the retainer ring 3. If the polishing liquid Q is 
firmly deposited in the gap G, then the holder ring 5, the 
chucking plate 6, and the elastic pad 4 are prevented 
from smoothly moving vertically with respect to the top 
ring body 2 and the retainer ring 3. To avoid such a draw- 
back, a cleaning liquid (pure water) is supplied through 
the fluid passage 32 to the cleaning liquid passage 51 . 
Accordingly, the pure water is supplied via the commu- 
nication holes 53 to a region above the gap G, thus 
cleaning members defining the gap G to remove depos- 
its of the polishing liquid Q. The pure water should pref- 
erably be supplied after the polished semiconductor wa- 
fer W is released and until a next semiconductor wafer 
to be polished is attracted to the top ring 1 . It is also 
preferable to discharge ail the supplied pure water out 
of the top ring 1 before the next semiconductor wafer is 
polished, and hence to provide the retainer ring 3 with 
a plurality of through holes 3a shown in FIG. 7 for dis- 
charging the pure water. Furthermore, if a pressure 
buildup is developed in a space 26 defined between the 
retainer ring 3, the holder ring 5, and the pressurizing 
sheet 7, then it acts to prevent the chucking plate 6 from 
being elevated in the top ring body 2. Therefore, in order 
to allow the chucking plate 6 to be elevated smoothly in 
the top ring body 2, the through holes 3a should prefer- 
ably be provided for equalizing the pressure in the space 
26 with the atmospheric pressure. 
[0072] As described above, according to the present 
invention, the pressures in the pressure chambers 22, 
23, the pressure chamber 24 in the central bag 8, and 
the pressure chamber 25 in the ring tube 9 are inde- 
pendently controlled to control the pressing forces act- 
ing on the semiconductor wafer W. 
[0073] Further, according to the present invention , re- 
gions in which a pressing force applied to the semicon- 
ductor wafer W is controlled can easily be changed by 
changing positions or sizes of the central bag 8 and the 
ring tube 9. Examples of changing the regions in which 
the pressing force applied to the semiconductor wafer 
W is controlled will be described below. 
[0074] FIGS. 4A through 4E and FIG. 5 are vertical 
cross-sectional views showing other examples of the 
contact members (central bag 8 and ring tube 9) in the 
substrate holding apparatus according to the present in- 



vention. 

[0075] As shown in FIGS. 4A and 4B, the area C1 in 
which the pressing force applied to the semiconductor 
wafer is controlled can be changed by another central 

5 bag 8 having a different size. In this case, when the size 
and shape of a hole 82b for allowing the pressure cham- 
ber 24 defined in the central bag 8 to communicate with 
the fluid passage 35, and the size and position of the 
threaded holes 82a for mounting the central bag holder 

10 82 on the chucking plate 6 are predetermined, the range 
in which the pressing force applied to the semiconductor 
wafer is controlled can be changed simply by preparing 
a central bag holder 82 having a different size. In this 
case, it is not necessary to modify the chucking plate 6. 

15 [0076] As shown in FIGS. 4C and 4D, the width and/ 
or position of the area C3 in which the pressing force 
applied to the semiconductor wafer is controlled can be 
changed by another ring tube 9 having a different size 
and/or shape. Further, as shown in FIG. 4E, a plurality 

20 of holes 57 and threaded holes (not shown) may be pro- 
vided in predetermined radial positions of the chucking 
plate 6. In this case, the communicating hole 92b is po- 
sitioned at a position corresponding to one of the com- 
municating holes 57, and the other communicating 

25 holes (and threaded holes) are filled with screws 58 for 
sealing fluids. Thus, the ring tube 9 can flexibly be 
mounted in the radial direction, so that the region in 
which the pressing force is controlled can flexibly be 
changed. 

30 [0077] As shown in FIG. 5, a protrusion 81 a protruding 
radially outwardly from the circumferential edge of the 
elastic membrane 81 may be provided on the lower sur- 
face of the central bag 8, and protrusions 91 a protruding 
radially from the circumferential edges of the elastic 

35 membrane 91 may be provided on the lower surface of 
the ring tube 9. The protrusions 81a, 91a are made of 
the same material as the central bag 8 and the ring tube 
9. As described above, when the semiconductor wafer 
is polished, pressurized fluids are supplied to the pres- 

40 sure chamber 22 positioned between the central bag 8 
and the ring tube 9, and the pressure chamber 23 sur- 
rounding the ring tube 9. Therefore, the protrusions 81 a, 
91a are brought into close contact with the elastic pad 
4 by the pressurized fluids supplied to the pressure 

45 chambers 22, 23. Thus, even if the pressure of the pres- 
surized fluid supplied to the pressure chamber 22 adja- 
cent to the central bag 8 is considerably h igher than the 
pressure of the pressurized fluid supplied to the pres- 
sure chamber 24 defined in the central bag 8, the high- 

50 pressure fluid adjacent to the central bag 8 is prevented 
from flowing into the lower portion of the central bag 8. 
Similarly, even if the pressure of the pressurized fluid 
supplied to the pressure chamber 22 or 23 adjacent to 
the ring tube 9 is considerably higher than the pressure 

55 of the pressurized fluid supplied to the pressure cham- 
ber 25 defined in the ring tube 9, the high-pressure fluid 
adjacent to the ring tube 9 is prevented from flowing into 
the lower portion of the ring tube 9. Therefore, the pro- 
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trusions 81a, 91a can widen the range of pressure con- 
trol in each of the pressure chambers, for thereby press- 
ing the semiconductor wafer more stably. 
[0078] The elastic membrane 81 , 91 may have a par- 
tially different thickness or may partially include an ine- 
lastic member FIG. 6A shows an example in which the 
elastic membrane 91 of the ring tube 9 has side surfaces 
91b thicker than the surface brought into contact with 
the elastic pad 4. FIG. 6B shows an example in which 
the elastic membrane 91 of the ring tube 9 partially in- 
cludes inelastic members 91 d in the side surfaces there- 
of. In these examples, deformation of the side surfaces 
of the elastic membrane due to the pressure in the pres- 
sure chambers can appropriately be limited. 
[0079] As described above, the distribution of the thin 
film formed on the surface of the semiconductor wafer 
varies depending on a deposition method or a deposi- 
tion apparatus. According to the present invention, a 
substrate holding apparatus can change the position 
and size of the pressure chambers for applying the 
pressing force to the semiconductor wafer simply by 
change of the central bag 8 and the central bag holder 
82, or the ring tube 9 and the ring tube holder 92. There- 
fore, the position and region in which the pressing force 
is controlled can easily be changed in accordance with 
the distribution of the thin film to be polished at low cost. 
In other words, the substrate holding apparatus can 
cope with various thickness distributions of the thin film 
formed on the semiconductor wafer to be polished. The 
change of the shape and position of the central bag 8 
or the ring tube 9 leads to the change of the size of the 
pressure chamber 22 positioned between the central 
bag 8 and the ring tube 9, and the pressure chamber 23 
surrounding the ring tube 9. 

[0080] A polishing apparatus according to a second 
embodiment of the present invention will be described 
below with reference to FIGS. 7 through 11 . FIG. 7 is a 
vertical cross-sectional view showing a top ring 1 ac- 
cording to the second embodiment. Like parts and com- 
ponents are designated by the same reference numer- 
als and characters as those in the first embodiment. 
[0081] In the second embodiment, as shown in FIG. 
7, the top ring 1 has a seal ring 42 instead of an elastic 
pad. The seal ring 42 comprises an elastic membrane 
covering only a lower surface of a chucking plate 6 near 
its outer circumferential edge. In the second embodi- 
ment, neither an inner suction portion (indicated by the 
reference numeral 61 in FIG. 2) nor an outer suction por- 
tion (indicated by the reference numeral 62 in FIG. 2) is 
provided on the chucking plate 6, for a simple configu- 
ration. However, suction portions for attracting a semi- 
conductor wafer may be provided on the chucking plate 
6, as with the first embodiment. The seal ring 42 is made 
of a highly strong and durable rubber material such as 
ethylene propylene rubber (ethylene-propylene terpoly- 
mer (EPDM)), polyurethane rubber, silicone rubber, or 
the like. 

[0082] The seal ring 42 is provided in such a state that 



the lower surface of the seal ring 42 is brought into con- 
tact with the upper surface of the semiconductor wafer 
W. The seal ring 42 has a radially outer edge clamped 
between the chucking plate 6 and a holder ring 5, as 

5 with the elastic pad 4 in the first embodiment. The sem- 
iconductor wafer W has a recess defined in an outer 
edge thereof, which is referred to as a notch or orienta- 
tion flat, for recognizing or identifying the orientation of 
the semiconductor wafer. Therefore, the seal ring 42 

10 should preferably extend radially inwardly from the in- 
nermost position of the recess such a notch or orienta- 
tion flat. 

[0083] A central bag 8 is disposed centrally on the 
lower surface of the chucking plate 6, and a ring tube 9 
15 is disposed radially outwardly of the central bag 8 in sur- 
rounding relation thereto, as with the first embodiment. 
[0084] In the second embodiment, a semiconductor 
wafer W to be polished is held by the top ring 1 in such 
a state that the semiconductor wafer W is brought into 
contact with the seal ring 42, an elastic membrane 81 
of the central bag 8, and an elastic membrane 91 of the 
ring tube 9. Therefore, the semiconductor wafer W, the 
chucking plate 6, and the seal ring 42 jointly define a 
space therebetween, instead of the space defined by 
the elastic pad and the chucking plate in the first em- 
bodiment. This space is divided into a plurality of spaces 
(second pressure chambers) by the central bag 8 and 
the ring tube 9. Specifically, a pressure chamber 22 is 
defined between the central bag 8 and the ring tube 9, 
and a pressure chamber 23 is defined radially outwardly 
of the ring tube 9. 

[0085] Fluid passages 33, 34, 35 and 36 comprising 
tubes and connectors communicate with the pressure 
chambers 22, 23, a central pressure chamber (first pres- 
sure chamber) 24 defined in the central bag 8, and an 
intermediate pressure chamber (first pressure cham- 
ber) 25 defined in the ring tube 9, respectively. The pres- 
sure chambers 22, 23, 24 and 25 are connected to the 
compressed air source via respective regulators con- 
nected respectively to the fluid passages 33, 34, 35 and 
36. The regulators connected to the fluid passages 31 , 
33, 34, 35 and 36 of the pressure chambers 21 to 25 
can respectively regulate the pressures of the pressu- 
rized fluids supplied to the pressure chambers 21 to 25, 
for thereby independently controlling the pressures in 
the pressure chambers 21 to 25 or independently intro- 
ducing atmospheric air or vacuum into the pressure 
chambers 21 to 25. Thus, the pressures in the pressure 
chambers 21 to 25 are independently varied with the 
regulators, so that the pressing forces can be adjusted 
in local areas of the semiconductor wafer W. In some 
applications, the pressure chambers 21 to 25 may be 
connected to a vacuum source 1 21 . 
[0086] Operation of the top ring 1 thus constructed will 
be described below. 

[0087] When the semiconductor wafer W is to be de- 
livered to the polishing apparatus, the top ring 1 is 
moved to a position to which the semiconductor wafer 
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W is delivered, and the central bag 8 and the ring tube 
9 are supplied with a pressurized fluid under a prede- 
termined pressure for bringing the lower surfaces of the 
central bag 8 and the ring tube 9 into close contact with 
the upper surface of the semiconductor wafer W. There- s 
after, the pressure chambers 22, 23 are connected to a 
vacuum source via the fluid passages 33, 34 to develop 
a negative pressure in the pressure chambers 22, 23 for 
thereby attracting the semiconductor wafer W under 
vacuum. 10 
[0088] For polishing the lower surface of the semicon- 
ductor wafer W, the semiconductor wafer W is thus held 
on the lower surface of the top ring 1 , and the top ring 
air cylinder 1 1 1 connected to the top ring drive shaft 1 1 
is actuated to press the retainer ring 3 fixed to the lower 1$ 
end of the top ring 1 against the polishing surface on the 
polishing table 100 under a predetermined pressure. 
Then, the pressurized fluids are respectively supplied to 
the pressure chambers 22, 23, the central pressure 
chamber 24, and the intermediate pressure chamber 25 20 
under respective pressures, thereby pressing the sem- 
iconductor wafer W against the polishing surface on the 
polishing table 100. The polishing liquid supply nozzle 
1 02 then supplies the polishing liquid Q onto the polish- 
ing pad 101 . Thus, the semiconductor wafer W is pol- 25 
ished by the polishing pad 101 with the polishing liquid 
Q being present between the lower surface, to be pol- 
ished, of the semiconductor wafer W and the polishing 
pad 101. 

[0089] The local areas of the semiconductor wafer W 30 
that are positioned beneath the pressure chambers 22, 
23 are pressed against the polishing pad 101 under the 
pressures of the pressurized fluids supplied to the pres- 
sure chambers 22, 23. The local area of the semicon- 
ductor wafer W that is positioned beneath the central 35 
pressure chamber 24 is pressed via the elastic mem- 
brane 81 of the central bag 8 against the polishing pad 
1 01 under the pressure of the pressurized fluid supplied 
to the central pressure chamber 24. The local area of 
the semiconductor wafer W that is positioned beneath *o 
the intermediate pressure chamber 25 is pressed via the 
elastic membrane 91 of the ring tube 9 against the pol- 
ishing pad 101 under the pressure of the pressurized 
fluid supplied to the intermediate pressure chamber 25. 
[0090] Therefore, the polishing pressures acting on 
the respective local areas of the semiconductor wafer 
W can be adjusted independently by controlling the 
pressures of the pressurized fluids supplied to each of 
the pressure chambers 22 to 25. Thus, the semiconduc- 
tor wafer W is divided into the concentric circular and so 
annular areas, which can be pressed under independ- 
ent pressing forces. The polishing rates of the circular 
and annular areas, which depend on the pressing forces 
applied to those areas, can independently be controlled 
because the pressing forces applied to those areas can 55 
independently be controlled. Consequently, even if the 
thickness of a thin film to be polished on the surface of 
the semiconductor wafer W suffers radial variations, the 
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thin film on the surface of the semiconductor wafer W 
can be polished uniformly without being insufficiently or 
excessively polished. More specifically, even if thethick- 
ness of the thin film to be polished on the surface of the 
semiconductor wafer W differs depending on the radial 
position on the semiconductor wafer W, the pressure in 
a pressure chamber positioned over a thicker area of 
the thin film is made higher than the pressure in a pres- 
sure chamber positioned over a thinner area of the thin 
film, or the pressure in a pressure chamber positioned 
over a thinner area of the thin film is made lower than 
the pressure in a pressure chamber positioned over a 
thicker area of the thin film. In this manner, the pressing 
force applied to the thicker area of the thin film is made 
higherthan the pressing force applied to thethinnerarea 
of the thin film, thereby selectively increasing the polish- 
ing rate of the thicker area of the thin film. Consequently, 
the entire surface of the semiconductor wafer W can be 
polished exactly to a desired level irrespective of the film 
thickness distribution obtained at the time the thin film 
is formed. 

[0091 ] When the semiconductor wafer W is polished, 
the seal ring 42 is brought into close contact with a part 
of the upper surface of the semiconductor wafer for 
thereby sealing this space. Hence, the pressurized fluid 
is prevented from flowing out to the exterior of the pres- 
sure chamber 23. 

[0092] Whenthepolishingofthesemiconductorwafer 
W is finished, the semiconductor wafer W is attracted 
under vacuum in the same manner as described above, 
and then the pressure chamber 21 is vented to the at- 
mosphere or evacuated to develop a negative pressure 
therein. After the semiconductor wafer W is attracted, 
the entire top ring 1 is moved to a position from which 
the semiconductor wafer W is to be delivered. Then, a 
fluid such as compressed air or a mixture of nitrogen 
and pure water is ejected to the semiconductor wafer W 
via the fluid passages 33, 34 to release the semicon- 
ductor wafer W from the top ring 1 . If the elastic mem- 
brane 81 of the central bag 8 and the elastic membrane 
91 of the ring tube 9 have through holes defined in their 
lower surfaces, then since downward forces are applied 
to the semiconductor wafer W by the fluid flowing 
through these through holes, the semiconductor wafer 
W can be smoothly released from the top ring 1 . After 
the semiconductor wafer W is released from the top ring 
1 , most of the lower surface of the top ring 1 is exposed. 
Therefore, the lower surface of the top ring 1 can be 
cleaned relatively easily after the semiconductor wafer 
W is polished and released. 

[0093] Other Examples of the central bag 8 and the 
ring tube 9 in the substrate holding apparatus according 
to the present invention will be described below. FIG. 8 
is a vertical cross-sectional view showing another ex- 
ample of the present invention, and FIG. 9 is a bottom 
view of FIG. 8 in such a state that a semiconductor wafer 
W is removed. 

[0094] In this example, as shown in FIGS. 8 and 9, a 
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central bag 8 has an elastic membrane 81 only at the 
outer circumferential edge of the central bag 8, and a 
circular hole (communicating portion) 83 is formed in the 
lower surface of the elastic membrane 81 of the central 
bag 8. A ring tube 9 has two elastic membranes, i.e., a 
radially inner elastic membrane 91 e and a radially outer 
elastic membrane 91 f, and an annular groove (commu- 
nicating portion) 93 is formed between the inner elastic 
membrane 91 e and the outer elastic membrane 91 f. 
Pressurized fluids supplied to the central pressure 
chamber 24 and the intermediate pressure chamber 25 
contact the upper surface, which is a contact surface, of 
the semiconductor wafer W. 

[0095] When the pressurized fluids supplied to the 
central pressure chamber 24 and the intermediate pres- 
sure chamber 25 are controlled in temperature and the 
temperature of the semiconductor wafer W is controlled 
from the backside of the surface to be polished, as de- 
scribed above, the communicating portions 83, 93 
formed in the lower surfaces of the elastic membranes 
of the central bag 8 and the ring tube 9 can increase the 
area in which the pressurized fluid controlled in temper- 
ature is brought into contact with the semiconductor wa- 
fer W. Therefore, controllability in temperature of the 
semiconductor wafer Wean be improved. Further, when 
the polishing of the semiconductor wafer W is finished 
and the semiconductor wafer W is released, the central 
pressure chamber 24 and the intermediate pressure 
chamber 25 are respectively opened to the outside air 
via the circular hole 83 and the annular groove 93. Thus, 
fluids supplied into the central pressure chamber 24 and 
the intermediate pressure chamber 25 are prevented 
from remaining in the central pressure chamber 24 and 
the intermediate pressure chamber 25. Therefore, even 
when semiconductor wafers W are continuously pol- 
ished, controllability in temperature of the semiconduc- 
tor wafer W can be maintained. 
[0096] When the semiconductor wafer W is polished, 
the pressurized fluids are supplied to the central pres- 
sure chamber 24 and the intermediate pressure cham- 
ber 25. Therefore, the lower surface of the elastic mem- 
brane 81 of the central bag 8 and the lower surface of 
the inner and outer elastic membranes 91 e, 91 f of the 
ring tube 9 are pressed against the upper surface, which 
is the contact surface, of the semiconductor wafer W. 
Accordingly, even though the circular hole 83 and the 
annular groove 93 are formed in the elastic membranes, 
the pressurized fluids supplied to the central pressure 
chamber 24 and the intermediate pressure chamber 25 
are prevented from flowing out to the exterior. 
[0097] In the example shown in FIGS. 8 and 9, a force 
that causes the circular hole 83 to expand outwardly 
acts on the elastic membrane 81 of the central bag 8 
due to the pressurized fluid supplied to the central pres- 
sure chamber 24. A force that causes the annular 
groove 93 to expand outwardly acts on the elastic mem- 
branes 91 e, 91f of the ring tube 9 due to the pressurized 
fluid supplied to the intermediate pressure chamber 25. 



In order to disperse these forces, a plurality of circular 
.holes (communicating portions) 84, 94 may be provided 
on the lower surface of the elastic membrane 81 , 91 of 
the central bag 8 and the ring tube 9, as shown in FIG. 
5 10. 

[0098] As shown in FIG. 11, an annular contacting 
portion 85 having a sealed fluid therein may be provided 
at the lower end of the elastic membrane 81 of the cen- 
tral bag 8. Further, an (inner) annular contacting portion 

10 95a and an (outer) annular contacting portion 95b each 
having a sealed fluid therein may be provided at the low- 
er end of the elastic membrane 91 of the ring tube 9. In 
this case, the contacting portions 85, 95a, 95b are 
pressed against the semiconductor wafer W by a pres- 

15 surized fluid supplied to the pressure chamber 21 , and 
hence the pressure chambers 22, 23, the central pres- 
sure chamber 24, and the intermediate pressure cham- 
ber 25 are respectively sealed with the contacting por- 
tions 85, 95a, 95b. At this time, the contacting portions 

20 85, 95a, 95b pressed against the semiconductor wafer 
W are deformed to increase the area in which the con- 
tacting portions 85, 95a, 95b are brought into contact 
with the semiconductor wafer W, so that the force ap- 
plied to the semiconductor wafer W becomes larger. 

25 However, adjustment of the pressure in the pressure 
chamber 21 can prevent an excessive force from being 
applied to the semiconductor wafer W by the contacting 
portions 85, 95a and 95b. The examples shown in FIGS. 
8 through 11 can be applied to the first embodiment. 

30 [0099] A polishing apparatus according to a third em- 
bodiment of the present invention will be described be- 
low with reference to FIGS. 12 and 13. FIG. 12 is a ver- 
tical cross-sectional view showing a top ring 1 according 
to the third embodiment, and FIG. 13 is a bottom view 

35 showing the top ring 1 of the FIG, 1 2 in such a state that 
a semiconductor wafer W is removed. Like parts and 
components are designated by the same reference nu- 
merals and characters as those in the second embodi- 
ment. 

40 [0100] In the third embodiment, as shown in FIG. 12, 
the top ring 1 has no elastic pad and no seal ring. A 
central bag 8 has an annular central bag holder 82, and 
an annular elastic membrane 81 is held at the outer cir- 
cumferential edge of the central bag holder 82. A circular 

45 hole 83 is formed in the lower surface of the elastic mem- 
brane 81 of the central bag 8, as with the example shown 
in FIGS. 8 and 9. 

[0101] The ring tube 9 is mounted at a position corre- 
sponding to the outer peripheral portion of the semicon- 

50 ductor wafer W. The ring tube 9 has an inner elastic 
membrane 91 e and an outer elastic membrane 91 f, and 
an annular groove 93 is formed between the inner elas- 
tic membrane 91 e and the outer elastic membrane 91 f, 
as with the example shown in FIGS. 8 and 9. An annular 

55 auxiliary holder 96 is disposed inside of a ring tube hold- 
er. The inner elastic membrane 91 e of the ring tube 9 
has a protrusion protruding radially inwardly from the up- 
per end thereof. The protrusion is held by the auxiliary 
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holder 96, so that the inner elastic membrane 91 e is held 
securely. 

[0102] The elastic membrane 81 of the central bag 8 
has a protrusion 81b protruding radially outwardly from 
the lower circumferential edge thereof. The inner elastic 5 
membrane 91 e of the ring tube 9 has a protrusion 91 g 
protruding radially inwardly from the lower circumferen- 
tial edge thereof. As described in the example shown in 
FIG. 5, these protrusions can widen the range of pres- 
sure control, for thereby pressing the semiconductor 
wafer W against the polishing surface more stably. 
[0103] The chucking plate 6 has inner suction portions 
61 and outer suction portions 62 for attracting a semi- 
conductor wafer W thereto, as with the first embodiment. 
The inner suction portions 61 are disposed inside of the 
central bag 8, and the outer suction portions 62 are dis- 
posed between the central bag 8 and the ring tube 9. 
[01 04] In the present embodiment, the semiconductor 
wafer W to be polished is held by the top ring 1 in such 
a state that the semiconductor wafer W is brought into 
contact with the elastic membranes 81 , 91 e, 91 f of the 
central bag 8 and the ring tube 9. Therefore, the central 
bag 8 and the ring tube 9 jointly define a pressure cham- 
ber 22 between the semiconductor wafer W and the 
chucking plate 6. As described above, the ring tube 9 is 
mounted at a position corresponding to the outer periph- 
eral portion of the semiconductor wafer W, and a pres- 
sure chamber (indicated by the reference numeral 23 in 
FIG. 7) is not defined outside of the ring tube 9. 
[0105] Fluid passages 31 , 33, 35 and 36 comprising 
tubes and connectors communicate with a pressure 
chambers 21 defined above the chucking plate 6, the 
pressure chamber 22, a central pressure chamber (first 
pressure chamber) 24 defined in the central bag 8, and 
an intermediate pressure chamber (first pressure cham- 
ber) 25 defined in the ring tube 9, respectively. The pres- 
sure chambers 21 , 22, 24 and 25 are connected to a 
compressed air source via respective regulators con- 
nected respectively to the fluid passages 31 , 33, 35 and 
36. The regulators connected to the fluid passages 31 , 
33, 35 and 36 of the pressure chambers 21 , 22, 24 and 
25 can respectively regulate the pressures of the pres- 
surized fluids supplied to the pressure chambers 21 , 22, 
24 and 25, for thereby independently controlling the 
pressures in the pressure chambers 21 , 22, 24 and 25 
or independently introducing atmospheric air or vacuum 
into the pressure chambers 21 , 22, 24 and 25. Thus, the 
pressures in the pressure chambers 21 , 22, 24 and 25 
are independently varied with the regulators, so that the 
pressing forces can be adjusted in local areas of the 
semiconductor wafer W. 

[0106] When the semiconductor wafer W is polished, 
it is difficult to uniformly polish the peripheral portion of 
the semiconductor wafer W, because of elastic defor- 
mation of the polishing pad or the like or entry of a pol- 
ishing liquid into a space between the polishing surface 
and the semiconductor wafer W, regardless of the thick- 
ness distribution of a thin film formed on the surface of 
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the semiconductor wafer W to be polished. In the 
present embodiment, the ring tube 9 is mounted at a 
position corresponding to the outer peripheral portion of 
the semiconductor wafer W. Further, the width D1 of the 
ring tube 9 is narrow, and the diameter D2 of the central 
bag 8 is large. Hence, the pressing force applied to the 
peripheral portion of the semiconductor wafer W is con- 
trolled to uniformly polish the peripheral portion of the 
semiconductor wafer W. Specifically, the ring tube 9 
should preferably have a width of 10 mm or less, more 
preferably 5 mm or less. The distance D3 between the 
central bag 8 and the ring tube 9 should preferably be 
in the range of 20 to 25 mm in the case of a semicon- 
ductor wafer having a diameter of 200 mm, and in the 
range of 25 to 30 mm in the case of a semiconductor 
wafer having a diameter of 300 mm. 
[0107] While the present invention has been de- 
scribed in detail with reference to the preferred embod- 
iments thereof, it would be apparent to those skilled in 
the art that many modifications and variations may be 
made therein without departing from the spirit and scope 
of the present invention. 

[0108] In the embodiments described above, the fluid 
passages 31 , 33, 34, 35 and 36 are provided as sepa- 
rate passages. However, the arrangement of the fluid 
passages and the pressure chambers may be modified 
in accordance with the magnitude of the pressing force 
to be applied to the semiconductor wafer W and the po- 
sition to which the pressing force is applied. For exam- 
ple, these passages may be joined to each other, or the 
pressure chambers may be connected to each other. 
[0109] The pressure chambers 22, 23 may be con- 
nected to the pressure chamber 21 to form one pressure 
chamber, without the fluid passage 33 communicating 
with the pressure chamber 22 and the fluid passage 34 
communicating with the pressure chamber 23. In this 
case, the pressures in the pressure chambers 21, 22, 
23 are controlled at an equal pressure by a pressurized 
fluid supplied via the fluid passage 31 . If It is not neces- 
sary to provide a pressure difference between the pres- 
sure chamber 22 and the pressure chamber 23, and the 
pressures in the central pressure chamber 24 and the 
intermediate pressure chamber 25 are not larger than 
the pressures in the pressure chambers 21 , 22, 23, then 
the above arrangement can be adopted to dispense with 
the fluid passages 33, 34, for thereby decreasing the 
number of the fluid passages and simplifying the fluid 
passages. 

[0110] When the inner suction portions 61 and the 
outer suction portions 62 are provided on the chucking 
plate 6, as in the first and third embodiments, not only 
a vacuum is created in the fluid passages 37, 38 com- 
municating with the suction portions 61 , 62, but also 
pressurized fluids may be supplied to the fluid passages 
37, 38. In this case, suction of the semiconductor wafer 
in the suction portions 61 , 62 and supply of the pressu- 
rized fluids to the pressure chambers 22, 23 can be per- 
formed with one respective passage. Hence, it is not 
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necessary to provide two fluid passages, i.e., the fluid 
passages 33, 34, for thereby decreasing the number of 
the fluid passages and simplifying the fluid passages. 
[0111] In the first and second embodiments, the 
chucking plate 6 has a protuberance 63 projecting 
downwardly from the outer circumferential edge thereof 
for maintaining the shape of the lower peripheral portion 
of the elastic membrane 4 or the seal ring 42 (see FIGS. 
2 and 7). However, if it is not necessary to maintain the 
shape of the elastic membrane 4 or the seal ring 42 be- 
cause of its material or the like, then the chucking plate 
6 does not need to have such a protuberance. FIG. 14 
is a vertical cross-sectional view showing a top ring 1 in 
which the chucking plate 6 has no protuberance 63 in 
the first embodiment. In this case, the semiconductor 
wafer W can uniformly be pressed from the central por- 
tion thereof to the outer peripheral portion thereof. Fur- 
ther, the sem iconductor wafer can easily follow the large 
waviness or undulation on the polishing surface. 
[01 12] In the embodiments described above, the pol- 
ishing surface is constituted by the polishing pad. How- 
ever, the polishing surface is not limited to this. For ex- 
ample, the polishing surface may be constituted by a 
fixed abrasive. The fixed abrasive is formed into a flat 
plate comprising abrasive particles fixed by a binder. 
With the fixed abrasive, the polishing process is per- 
formed by the abrasive particles self -generated from the 
fixed abrasive. The fixed abrasive comprises abrasive 
particles, a binder, and pores. For example, cerium di- 
oxide (Ce0 2 ) having an average particle diameter of 0.5 
pm is used as an abrasive particle, and epoxy resin is 
used as a binder. Such a fixed abrasive forms a harder 
polishing surface. The fixed abrasive includes a fixed 
abrasive pad having a two-layer structure formed by a 
thin layer of a fixed abrasive and an elastic polishing pad 
attached to the layer of the fixed abrasive. IC-1 000 de- 
scribed above may be used for another hard polishing 
surface. 

[0113] As described above, according to the present 
invention, pressures in a first pressure chambers and a 
second pressure chamber can be independently con- 
trolled. Therefore, a pressing force applied to a thicker 
area of a thin film can be made higher than a pressing 
force applied to a thinner area of the thin film, thereby 
selectively increasing the polishing rate of the thicker 
area of the thin film. Consequently, an entire surface of 
a substrate can be polished exactly to a desired level 
irrespective of the film thickness distribution obtained at 
the time the thin film is formed. 
[0114] Further, according to the present invention, a 
contact member comprises a holding member for de- 
tachably holding an elastic membrane, or the holding 
member of the contact member is detachably mounted 
on a support member. Hence, the elastic membrane or 
the contact member can easily be replaced with another 
one. Specifically, the position and size of the first pres- 
sure chamber and the second pressure chamber can be 
changed simply by change of the elastic membrane or 



the contact member. Therefore, a substrate holding ap- 
paratus according to the present invention can easily 
cope with various thickness distributions of a thin film 
formed on the substrate to be polished at a low cost. 

5 [0115] In a substrate holding apparatus comprising a 
seal ring, the lower surf ace of the support member is not 
covered after the semiconductor wafer is released. 
Therefore, a large part of the lower surface of the sup- 
port member is exposed after the semiconductor wafer 

10 is released, so that the substrate holding apparatus can 
easily be cleaned after the polishing process. 
[0116] Furthermore, a protrusion radially protruding 
from a circumferential edge of the elastic membrane of 
the contact member is provided on the lower surface of 

'5 the elastic membrane. Therefore, the protrusion is 
brought into close contact with an elastic pad or a sub- 
strate by a pressurized fluid supplied to the second pres- 
sure chamber to prevent the pressurized fluid from flow- 
ing into the lower portion of the contact member. Hence, 

20 the range of pressure control can be widened to press 
the substrate against the polishing surface more stably. 
[01 1 7] Although certain preferred embodiments of the 
present invention have been shown and described in 
detail, it should be understood that various changes and 

25 modifications may be made therein without departing 
from the scope of the appended claims. 
The invention may be summarized as follows: 

1 . A substrate holding apparatus for holding a sub- 
30 strate to be polished and pressing said substrate 

against a polishing surface, said substrate holding 
apparatus comprising: 

a top ring body for holding a substrate; 
35 an elastic pad brought into contact with said 

substrate; 

a support member for supporting said elastic 
pad; 

a contact member mounted on a lower surface 
^0 of said support member and disposed in a 

space formed by said elastic pad and said sup- 
port member, said contact member having an 
elastic membrane brought into contact with 
said elastic pad; 
45 a first pressure chamber defined in said contact 

member; 

a second pressure chamber defined outside of 
said contact member; and 
a fluid source for independently supplying a f lu- 
50 id into or creating a vacuum in said first pres- 

sure chamber and said second pressure cham- 
ber. 

2. A substrate holding apparatus according to 1, 
55 wherein said fluid source supplies a fluid controlled 

in temperature into said first pressure chamber and 
said second pressure chamber, respectively. 
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3. A substrate holding apparatus according to 1, 
wherein said contact member comprises a holding 
member for detachabfy holding said elastic mem- 
brane. 

5 

4. A substrate holding apparatus according to 3, 
wherein said holding member of said contact mem- 
ber is detachably mounted on said support member. 

5. A substrate holding apparatus according to 1 , 10 
wherein said contact member includes a central 
contact member disposed at a position correspond- 
ing to a central portion of said substrate, and an out- 
er contact member disposed outside of said central 
contact member. '5 



strate; 

a support member for supporting said seal ring; 
a contact member mounted on a lower surface 
of said support member and disposed in a 
space formed by said substrate and said seal 
ring and said support member, said contact 
member having an elastic membrane brought 
into contact with said substrate; 
a first pressure chamber defined in said contact 
member; 

a second pressure chamber defined outside of 
said contact member; and 
a fluid source for independently supplying a flu- 
id into or creating a vacuum in first pressure 
chamber and said second pressure chamber. 



6. A substrate holding apparatus according to 5, 
wherein said outer contact member is mounted at 
a position corresponding to an outer peripheral por- 
tion of said substrate. 20 



14. A substrate holding apparatus according to 13, 
wherein said fluid source supplies a fluid controlled 
in temperature into said first pressure chamber and 
said second pressure chamber, respectively. 



7. A substrate holding apparatus according to 1 , fur- 
ther comprising a retainer ring fixed to or integrally 
formed with said top ring body for holding a periph- 
eral portion of said substrate. 25 

8. A substrate holding apparatus according to 7, 
wherein said top ring body comprises a cleaning liq- 
uid passage defined therein for supplying a clean- 
ing liquid into a gap defined between an outer cir- so 
cumferentiai surface of said elastic pad and said re- 
tainer ring. 



15. A substrate holding apparatus according to 13, 
wherein a communicating portion for allowing said 
fluid supplied to said first pressure chamber to con- 
tact a contact surface of said substrate is formed in 
the lower surface of said elastic membrane of said 
contact member. 

16. A substrate holding apparatus according to 13, 
wherein said contact member comprises a holding 
member for detachably holding said elastic mem- 
brane. 



9. A substrate holding apparatus according to 7, 
wherein said retainer ring is fixed to said top ring 35 
body without interposing an elastic member be- 
tween said retainer ring and said top ring body. 

10. A substrate holding apparatus according to 1, 
wherein said elastic membrane of said contact 40 
member has a partially different thickness. 

1 1 . A substrate holding apparatus according to 1 , 
wherein said elastic membrane of said contact 
member partially includes an inelastic member. 45 

12. A substrate holding apparatus according to 1, 
wherein said support member is made of an insu- 
lating material. 



1 3. A substrate holding apparatus for holding a sub- 
strate to be polished and pressing said substrate 
against a polishing surface, said substrate holding 
apparatus comprising: 

a top ring body for holding a substrate; 

a seal ring brought into contact with an upper 

surface of a peripheral portion of said sub- 
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17. A substrate holding apparatus according to 16, 
wherein said holding member of said contact mem- 
ber is detachably mounted on said support member. 

18. A substrate holding apparatus according to 13, 
wherein a protrusion radially protruding from a cir- 
cumferential edge of said elastic membrane of said 
contact member is provided on the lower surface of 
said elastic membrane. 

19. A substrate holding apparatus according to 13, 
wherein said contact member includes a central 
contact member disposed at a position correspond- 
ing to a central portion of said substrate, and an out- 
er contact member disposed outside of said central 
contact member. 

20. A substrate holding apparatus according to 19, 
wherein said outer contact member is mounted at 
a position corresponding to an outer peripheral por- 
tion of said substrate. 

21 . A substrate holding apparatus according to 13, 
further comprising a retainer ring fixed to or integral- 
ly formed with said top ring body for holding a pe- 
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ripheral portion of said substrate. 

22. A substrate holding apparatus according to 21 , 
wherein said top ring body comprises a cleaning liq- 
uid passage defined therein for supplying a clean- s 
ing liquid into a gap defined between an outer cir- 
cumferential surface of said seal ring and said re- 
tainer ring. 

23. A substrate holding apparatus according to 21 , 10 
wherein said retainer ring is fixed to said top ring 
body without interposing an elastic member be- 
tween said retainer ring and said top ring body. 

24. A substrate holding apparatus according to 13, 15 
wherein said elastic membrane of said contact 
member has a partially different thickness. 

25. A substrate holding apparatus according to 13, 
wherein said elastic membrane of said contact 20 
member partially includes an inelastic member. 

26. A substrate holding apparatus according to 13, 
wherein said support member is made of an insu- 
lating material. 25 

27. A substrate holding apparatus according to 13, 
wherein said seal ring extends radially inwardly 
from an innermost position of a recess for recogniz- 
ing or identifying the orientation of a substrate. 30 

28. A substrate holding apparatus for holding a sub- 
strate to be polished and pressing said substrate 
against a polishing surface, said substrate holding 
apparatus comprising: 35 

a top ring body for holding a substrate; 
a support member having a contact member 
mounted on a lower surface thereof, said con- 
tact member being disposed in a space formed *o 
by said substrate and said support member and 
having an elastic membrane brought into con- 
tact with said substrate; 
a first pressure chamber defined in said contact 
member; 45 
a second pressure chamber defined outside of 
said contact member; and 
a fluid source for independently supplying a flu- 
id into or creating a vacuum in said first pres- 
sure chamber and said second pressure cham- 50 
ber. 

29. A substrate holding apparatus according to 28, 
wherein said fluid source supplies a fluid controlled 

in temperature into said first pressure chamber and 55 
said second pressure chamber, respectively. 

30. A substrate holding apparatus according to 28, 
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wherein a communicating portion for allowing said 
fluid supplied to said first pressure chamber to con- 
tact a contact surface of said substrate is formed in 
the lower surface of said elastic membrane of said 
contact member. 

31 . A substrate holding apparatus according to 28, 
wherein said contact member comprises a holding 
member for detachably holding said elastic mem- 
brane. 

32. A substrate holding apparatus according to 31 , 
wherein said holding member of said contact mem- 
ber is detachably mounted on said support member. 

33. A substrate holding apparatus according to 28, 
wherein a protrusion radially protruding from a cir- 
cumferential edge of said elastic membrane of said 
contact member is provided on the lower surface of 
said elastic membrane. 

34. A substrate holding apparatus according to 28, 
wherein said contact member includes a central 
contact member disposed at a position correspond- 
ing to a central portion of said substrate, and an out- 
er contact member disposed outside of said central 
contact member. 

35. A substrate holding apparatus according to 34, 
wherein said outer contact member is mounted at 
a position corresponding to an outer peripheral por- 
tion of said substrate. 

36. A substrate holding apparatus according to 28, 
further comprising a retainer ring fixed to or integral- 
ly formed with said top ring body for holding a pe- 
ripheral portion of said substrate. 

37. A substrate holding apparatus according to 36, 
wherein said top ring body comprises a cleaning liq- 
uid passage defined therein for supplying a clean- 
ing liquid into a gap defined between an outer cir- 
cumferential surface of said substrate and said re- 
tainer ring. 

38. A substrate holding apparatus according to 36, 
wherein said retainer ring is fixed to said top ring 
body without interposing an elastic member be- 
tween said retainer ring and said top ring body. 

39. A substrate holding apparatus according to 28, 
wherein said elastic membrane of said contact 
member has a partially different thickness. 

40. A substrate holding apparatus according to 28, 
wherein said elastic membrane of said contact 
member partially includes an inelastic member. 
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41. A substrate holding apparatus according to 28, 
wherein said support member is made of an insu- 
lating material. 

42. A substrate holding apparatus for holding a sub- 5 
strate to be polished and pressing said substrate 
against a polishing surface, said substrate holding 
apparatus comprising: 

a top ring body for holding a substrate; 10 
an elastic pad brought into contact with said 
substrate; 

a support member for supporting said elastic 
pad; and 

a plurality of contact members mounted on a '5 
lower surface of said support member, said plu- 
rality of contact members each having an elas- 
tic membrane brought into contact with said 
elastic pad and being independently pressed 
against said elastic pad. 20 

43. A substrate holding apparatus according to 42, 
wherein said plurality of contact members are 
spaced at predetermined intervals. 

25 

44. A substrate holding apparatus according to 42, 
wherein said fluid source supplies a fluid controlled 
in temperature into said first pressure chamber and 
said second pressure chamber, respectively. 

30 

45. A substrate holding apparatus according to 42, 
wherein a communicating portion for allowing said 
fluid supplied to said first pressure chamberto con- 
tact a contact surface of said substrate is formed in 

the lower surface of said elastic membrane of said 35 
contact member. 

46. A substrate holding apparatus according to 42, 
wherein said contact member comprises a holding 
member for detachably holding said elastic mem- 40 
brane. 

47. A substrate holding apparatus according to 46, 
wherein said holding member of said contact mem- 
ber is detachably mounted on said support member. 45 

48. A substrate holding apparatus according to 42, 
wherein a protrusion radially protruding from a cir- 
cumferential edge of said elastic membrane of said 
contact member is provided on the lower surface of so 
said elastic membrane. 

49. A substrate holding apparatus according to 42, 
wherein said contact member includes a central 
contact member disposed at a position correspond- 55 
ing to a central portion of said substrate, and an out- 
er contact member disposed outside of said central 
contact member. 



50. A substrate holding apparatus according to 49, 
wherein said outer contact member is mounted at 
a position corresponding to an outer peripheral por- 
tion of said substrate. 

51 . A substrate holding apparatus according to 50, 
further comprising a retainer ring fixed to or integral- 
ly formed with said top ring body for holding a pe- 
ripheral portion of said substrate. 

52. A substrate holding apparatus according to 51 , 
wherein said top ring body comprises a cleaning liq- 
uid passage defined therein for supplying a clean- 
ing liquid into a gap defined between an outer cir- 
cumferential surface of said elastic pad and said re- 
tainer ring. 

53. A substrate holding apparatus according to 51 , 
wherein said retainer ring is fixed to said top ring 
body without interposing an elastic member be- 
tween said retainer ring and said top ring body. 

54. A substrate holding apparatus according to 42, 
wherein said elastic membrane of said contact 
member has a partially different thickness. 

55. A substrate holding apparatus according to 42, 
wherein said elastic membrane of said contact 
member partially includes an inelastic member. 

56. A substrate holding apparatus according to 42, 
wherein said support member is made of an insu- 
lating material. 

57. A polishing apparatus for polishing a substrate, 
comprising: 

a polishing table having a polishing surface; 
and 

a substrate holding apparatus for holding the 
substrate to be polished and pressing the sub- 
strate against said polishing surface, said sub- 
strate holding apparatus comprising: 

a top ring body for holding a substrate; 
an elastic pad brought into contact with 
said substrate; 

a support member for supporting said elas- 
tic pad; 

a contact member mounted on a lower sur- 
face of said support member and disposed 
in a space formed by said elastic pad and 
said support member, said contact mem- 
ber having an elastic membrane brought 
into contact with said elastic pad; 
a first pressure chamber defined in said 
contact member; 

a second pressure chamber defined out- 
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side of said contact member; and 
a fluid source for independently supplying 
a fluid into or creating a vacuum in said first 
pressure chamber and said second pres- 
sure chamber. 5 

58. A polishing apparatus for polishing a substrate, 
comprising: 

a polishing table having a polishing surface; 10 
and 

a substrate holding apparatus for holding the 
substrate to be polished and pressing the sub- 
strate against said polishing surface, said sub- 
strate holding apparatus comprising: f5 

a top ring body for holding a substrate; 
a seal ring brought into contact with an up- 
per surface of a peripheral portion of said 
substrate; 20 
a support member for supporting said seal 
ring; 

a contact member mounted on a lower sur- 
face of said support member and disposed 
in a space formed by said substrate and 25 
said seal ring and said support member, 
said contact member having an elastic 
membrane brought into contact with said 
substrate; 

a first pressure chamber defined in said 30 
contact member; 

a second pressure chamber defined out- 
side of said contact member; and 
a fluid source for independently supplying 
a fluid into or creating a vacuum in said first 35 
pressure chamber and said second pres- 
sure chamber. 

59. A polishing apparatus for polishing a substrate, 
comprising: *o 

a polishing table having a polishing surface; 
and 

a substrate holding apparatus for holding the 
substrate to be polished and pressing the sub- *s 
strate against said polishing surface, said sub- 
strate holding apparatus comprising: 

a top ring body for holding a substrate; 
a support member having a contact mem- so 
ber mounted on a lower surface thereof, 
said contact member being disposed in a 
space formed by said substrate and said 
support member and having an elastic 
membrane brought into contact with said 55 
substrate; 

a first pressure chamber defined in said 
contact member; 



a second pressure chamber defined out- 
side of said contact member; and 
a fluid source for independently supplying 
a fluid into or creating a vacuum in said first 
pressure chamber and said second pres- 
sure chamber. 

60. A substrate holding apparatus for holding a sub- 
strate to be polished and pressing said substrate 
against a polishing surface, comprising: 

a top ring body for holding a substrate; 
a plurality of annular members formed of an 
elastic material and brought into contact with 
said substrate; 

a plurality of sections defined by said plurality 
of annular members, said plurality of sections 
being opened downwardly; and 
a fluid passage for supplying a fluid into said 
plurality of sections. 

61. A polishing method for polishing a substrate, 
comprising: 

pressing a substrate against a polishing sur- 
face provided on a polishing table; and 
polishing a substrate in such a state that a 
pressing force applied to a thicker area of a thin 
film on the substrate is made higher than a 
pressing force applied to a thinner area of the 
thin film. 

62. A polishing method for polishing a substrate, 
comprising: 

pressing a substrate against a polishing sur- 
face provided on a polishing table; 
defining a plurality of sections opened down- 
wardly by a plurality of annular members 
formed of an elastic material held into contact 
with a substrate; and 

supplying a fluid into or creating a vacuum in 
said plurality of sections. 



Claims 

1. A substrate holding apparatus for holding a sub- 
strate to be polished and pressing said substrate 
against a polishing surface, said substrate holding 
apparatus comprising: 

a top ring body for holding a substrate; 

an elastic pad brought into contact with said 

substrate; 

a support member for supporting said elastic 
pad; 

a contact member mounted on a lower surface 
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of said support member and disposed in a 
space formed by said elastic pad and said sup- 
port member, said contact member having an 
elastic membrane brought into contact with 
said elastic pad; 5 
a first pressure chamber defined in said contact 
member; 

a second pressure chamber defined outside of 
said contact member; and 
a fluid source for independently supplying a flu- 10 
id into or creating a vacuum in said first pres- 
sure chamber and said second pressure cham- 
ber. 

A substrate holding apparatus according to claim 1 , 15 
further comprising a retainer ring fixed to or integral- 
ly formed with said top ring body for holding a pe- 
ripheral portion of said substrate, and/or 

wherein preferably said top ring body com- 
prises a cleaning liquid passage defined therein for 20 
supplying a cleaning liquid into a gap defined be- 
tween an outer circumferential surface of said elas- 
tic pad and said retainer ring, and/or wherein pref- 
erably said retainer ring is fixed to said top ring body 
without interposing an elastic member between 25 
said retainer ring and said top ring body. 

A substrate holding apparatus for holding a sub- 
strate to be polished and pressing said substrate 
against a polishing surface, said substrate holding 30 
apparatus comprising: 



tween an outer circumferential surface of said seal 
ring and said retainer ring, and/or 

wherein preferably said retainer ring is fixed 
to said top ring body without interposing an elastic 
member between said retainer ring and said top ring 
body, and/or 

wherein preferably said seal ring extends ra- 
dially inwardly from an innermost position of a re- 
cess for recognizing or identifying the orientation of 
a substrate. 

5. A substrate holding apparatus for holding a sub- 
strate to be polished and pressing said substrate 
against a polishing surface, said substrate holding 
apparatus comprising: 

a top ring body for holding a substrate; 
a support member having a contact member 
mounted on a lower surface thereof, said con- 
tact member being disposed in a space formed 
by said substrate and said support member and 
having an elastic membrane brought into con- 
tact with said substrate; 
a first pressure chamber defined in said contact 
member; 

a second pressure chamber defined outside of 
said contact member; and 
a fluid source for independently supplying a flu- 
id into or creating a vacuum in said first pres- 
sure chamber and said second pressure cham- 
ber. 



a top ring body for holding a substrate; 

a seal ring brought into contact with an upper 

surface of a peripheral portion of said sub- 35 

strate; 

a support member for supporting said seal ring; 
a contact member mounted on a lower surface 
of said support member and disposed in a 
space formed by said substrate and said seal *o 
ring and said support member, said contact 
member having an elastic membrane brought 
into contact with said substrate; 
a first pressure chamber defined in said contact 
member; 45 
a second pressure chamber defined outside of 
said contact member; and 
a fluid sou rce for independently supplying a flu- 
id into or creating a vacuum in first pressure 
chamber and said second pressure chamber, so 

A substrate holding apparatus according to claim 3, 
further comprising a retainer ring fixed to or integral- 
ly formed with said top ring body for holding a pe- 
ripheral portion of said substrate, and/or ss 

wherein preferably said top ring body com- 
prises a cleaning liquid passage defined therein for 
supplying a cleaning liquid into a gap defined be- 



6. A substrate holding apparatus according to claim 5, 
further comprising a retainer ring fixed to or integral- 
ly formed with said top ring body for holding a pe- 
ripheral portion of said substrate, and/or 

wherein preferably said top ring body com- 
prises a cleaning liquid passage defined therein for 
supplying a cleaning liquid into a gap defined be- 
tween an outer circumferential surface of said sub- 
strate and said retainer ring. 

7. A substrate holding apparatus for holding a sub- 
strate to be polished and pressing said substrate 
against a polishing surface, said substrate holding 
apparatus comprising: 

a top ring body for holding a substrate; 

an elastic pad brought into contact with said 

substrate; 

a support member for supporting said elastic 
pad; and 

a plurality of contact members mounted on a 
lower surface of said support member, said plu- 
rality of contact members each having an elas- 
tic membrane brought into contact with said 
elastic pad and being independently pressed 
against said elastic pad. 
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8. A substrate holding apparatus according to claim 7, 
wherein said plurality of contact members are 
spaced at predetermined intervals. 

9. A substrate holding apparatus according to any of 
claims 1 -8, wherein said fluid source supplies a fluid 
controlled in temperature into said first pressure 
chamber and said second pressure chamber, re- 
spectively. 

10. A substrate holding apparatus according to any of 
claims 1 -9, wherein a communicating portion for al- 
lowing said fluid supplied to said first pressure 
chamber to contact a contact surface of said sub- 
strate is formed in the lower surface of said elastic 
membrane of said contact member 

11. A substrate holding apparatus according to any of 
claims 1 -1 0, wherein said contact member compris- 
es a holding member for detachably holding said 
elastic membrane. 

12. A substrate holding apparatus according to any of 
claims 1-11, wherein said holding member of said 
contact member is detachably mounted on said 
support member. 

13. A substrate holding apparatus according to any of 
claims 1-12, wherein a protrusion radially protrud- 
ing from a circumferential edge of said elastic mem- 
brane of said contact member is provided on the 
lower surface of said elastic membrane. 

14. A substrate holding apparatus according to any of 
claims 1-13, wherein said contact member includes 
a central contact member disposed at a position 
corresponding to a central portion of said substrate, 
and an outer contact member disposed outside of 
said central contact member. 

15. A substrate holding apparatus according to any of 
claims 1 -14, wherein said outer contact member is 
mounted at a position corresponding to an outer pe- 
ripheral portion of said substrate. 

16. A substrate holding apparatus according to any of 
claims 1-1 5, further comprising a retainer ring fixed 
to or integrally formed with said top ring body for 
holding a peripheral portion of said substrate. 

17. A substrate holding apparatus according to any of 
claims 1-16, wherein said top ring body comprises 
a cleaning liquid passage defined therein for sup- 
plying a cleaning liquid into a gap defined between 
an outer circumferential surface of said elastic pad 
and said retainer ring. 

18. A substrate holding apparatus according to any of 



claims 1-17, wherein said retainer ring is fixed to 
said top ring body without interposing an elastic 
member between said retainer ring and said top ring 
body. 

5 

19. A substrate holding apparatus according to any of 
claims 1-18, wherein said elastic membrane of said 
contact member has a partially different thickness. 

10 20. A substrate holding apparatus according to any of 
claims 1 -1 9, wherein said elastic membrane of said 
contact member partially includes an inelastic 
member. 

'5 21. A substrate holding apparatus according to any of 
claims 1 -20, wherein said support member is made 
of an insulating material. 

22. A polishing apparatus for polishing a substrate, 
20 comprising: 

a polishing table having a polishing surface; 
and 

a substrate holding apparatus for holding the 
25 substrate to be polished and pressing the sub- 

strate against said polishing surface, said sub- 
strate holding apparatus comprising: 

a top ring body for holding a substrate; 
30 an elastic pad brought into contact with 

said substrate; 

a support member for supporting said elas- 
tic pad; 

a contact member mounted on a lower sur- 
35 face of said support member and disposed 

in a space formed by said elastic pad and 
said support member, said contact mem- 
ber having an elastic membrane brought 
into contact with said elastic pad; 
40 a first pressure chamber defined in said 

contact member; 

a second pressure chamber defined out- 
side of said contact member; and 
a fluid source for independently supplying 
45 a fluid into or creating a vacuum in said first 

pressure chamber and said second pres- 
sure chamber. 

23. A polishing apparatus for polishing a substrate, 
50 comprising: 

a polishing table having a polishing surface; 
and 

a substrate holding apparatus for holding the 
55 substrate to be polished and pressing the sub- 

strate against said polishing surface, said sub- 
strate holding apparatus comprising: 
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a top ring body for holding a substrate; 
a seal ring brought into contact with an up- 
per surface of a peripheral portion of said 
substrate; 

a support member for supporting said seal 5 
ring; 

a contact member mounted on a lower sur- 
face of said support member and disposed 
in a space formed by said substrate and 
said seal ring and said support member, 10 
said contact member having an elastic 
membrane brought into contact with said 
substrate; 

a first pressure chamber defined in said 
contact member; '5 
a second pressure chamber defined out- 
side of said contact member; and 
a fluid source for independently supplying 
a fluid into or creating a vacuum in said first 
pressure chamber and said second pres- 20 
sure chamber. 

24. A polishing apparatus for polishing a substrate, 
comprising: 

25 

a polishing table having a polishing surface; 
and 

a substrate holding apparatus for holding the 
substrate to be polished and pressing the sub- 
strate against said polishing surface, said sub- 30 
strate holding apparatus comprising: 



of annular members, said plurality of sections 
being opened downwardly; and 
a fluid passage for supplying a fluid into said 
plurality of sections. 

26. A polishing method for polishing a substrate, com- 
prising: 

pressing a substrate against a polishing sur- 
face provided on a polishing table; and 
polishing a substrate in such a state that a 
pressing force applied to a thicker area of a thin 
film on the substrate is made higher than a 
pressing force applied to a thinner area of the 
thin film. 

27. A polishing method for polishing a substrate, com- 
prising: 

pressing a substrate against a polishing sur- 
face provided on a polishing table; 
defining a plurality of sections opened down- 
wardly by a plurality of annular members 
formed of an elastic material held into contact 
with a substrate; and 

supplying a fluid into or creating a vacuum in 
said plurality of sections. 



a top ring body for holding a substrate; 
a support member having a contact mem- 
ber mounted on a lower surface thereof, 35 
said contact member being disposed in a 
space formed by said substrate and said 
support member and having an elastic 
membrane brought into contact with said 
substrate; <o 
a first pressure chamber defined in said 
contact member; 

a second pressure chamber defined out- 
side of said contact member; and 
a fluid source for independently supplying 45 
a fluid into or creating a vacuum in said first 
pressure chamber and said second pres- 
sure chamber. 



25. A substrate holding apparatus for holding a sub- 50 
strate to be polished and pressing said substrate 
against a polishing surface, comprising: 



a top ring body for holding a substrate; 
a plurality of annular members formed of an 55 
elastic material and brought into contact with 
said substrate; 

a plurality of sections defined by said plurality 
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